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Captain J. CLIBBORN, B S C., 

BxeeuUie Engineer. 

To 

The director, DEPT AGRI and COMMERCE, 

NoaTH-WcSTEnN Peovinoes and Oodh 

Haiti lUaxnx Tal, 15th August, 1882i 

SlA, 

I HAVE the honor to forward a Report on Irrigation from Wells as practised in 
these Provinces in compliance with your demi-ojQScial instructions 

You will notice that the results I have armed at, if correct, show that well 
irrigation is only profitable under favoiahle conditions, and there is reason to helieve, 
that in most distiicts caltivutors have already very fully availed themselves of their 
opportunities, leaving to us now only the doubtful sites to occupy, if we enter in an 
extended scheme. 

There are, however, many opportunities for profitable Government interference in 
detached situations, and above all in the repair of existing \i orks, to the financial 
success of which, however, the increase in cost due to the supervising establishment 
will prove a serious hindrance 

Of all the districts I visited, Bnlandshahr presents the most favorable conditions 
for well enterprise, hut detailed enquiry is necessary I will forward the statistics of 
the worst villages in the pergannos noted in a few days 

I had intended putting up a senes of subsoil water contours with this Report, 
from which some hints on the causes of the variation in quantity of supply might be 
expected, but I regret that all the necessary information has not as yet arrived 
I trust to be able to forward them to you in the coarse of a month 
The recent advances in electricity may prove an unexpected means of famine 
protection in these Piovinces, and the water power of the canal falls could not be 
better employed, than in lifting water, either from the nveis, for those tracts where 
wells are impossible, or from wells with a good supply 

Erom the Note on the Moradabad Wells, it must not he supposed that it is im- 
possible to build wells giving a good supply in puie sand, it is only a matter of 
expense , if the well rested on a platform of concrete of thickness and area sufficient 
to support it over the inevitable hollow in the sand below, we would have an admir- 
able imitation of themota, which should be perfectly successful, the cost, however, of 
laying such a platform, say 20 feet below water surface, would he considerable, and 
the necessary area is yet a matter of theory 

I have the honor to he. 

Sir, 

Your obedient Sen ant, 

JOHN c! -^BORN, Capt , B S C , 

I Exetttiice Engineer 
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INTRODUOTIOK 

1. Irngnlion from •wells has been prncliscd in tlieso Frormccs from time immemorial. 
Tho subject IS ono in which Gorernment tnhes groat interest, and justly so, as tho area 
watered is largo, and such irngntion in many districts constitutes tho only means of 
bringing n high class crop to maturity. 

2. There arc Tastincqnalilics in tho distnbntion of well irrigation, oven in districts in 
which there is nu cq^unl demand for water, nnd the question which naturally suggests itself 
to nil interested in agricultural improTomcnts is, why not increase the number of wells until 
districts requiring water haio a full command of it ? 

S. To answer tho aboro satisfactorily, it is necessary to inTestigato the following 
points — 

Ist The arailablo supply of water. 

2nd „ „ labor 

3rd Tho cost of imgation. 

Ath Tho area commanded per unit. 

4 The necessity for information on tho first three points is self-evident — ^it is import- 
ant to know tho fourth, as without it wo cannot determine tho number of wells required for a 
given area And it may bo here explained that the unit selected is ono pair of cattle ox men 
employed actually lifting water. 

5 Tho cost of irrigating a given area depends on a number of factors— such ns depth 
to water surface, amount and hind of labor employed, situation and crop For instance, 
wheat in Muttra requires five waterings, in Moradabad only one , gram is rarely watered 
more than once, while tobacco often takes ten watenngs, and the depth of water given to 
diilercnt crops also vanes greatly 

G Abundont statistics regarding well imgation exist, but unfortunately they are of 
little value in the present instance, as the area irrigated has nearly always been returned 
per well, and a well is not inranably ono unit, but often contains as many as 8 , indeed 
there arc instances of wells containing 16 to 20 units 

7 In many examples on which calculations have been founded, irrigable areas were 
returned os irrigated, and wells which failed to give any useful supply in ordinary years were 
counted on as copoble of a high duty in famine time. 

8 Again with reference to tho quantity of water lifted per day, the experiments have 
usually been earned on for a short period only, and the day’s work calculated by multiplying 
tho result by an assumed number of hours representing the day’s work 

9 This method is inaccurate and misleading, for the rate of work on eveiy well, as 
might naturally be supposed, varies greatly during the day, with the condition of the cattle, 
the men, and tho depth of water. It is always dangerous to calculate large results from 
small percentages, nor is it unlikely that the Assami will be mterested in the result, and 
attempt deception, which need only bo carried on for a short time, and will not senously 
interfere with bis day’s work 

10 For the above-mentioned reasons, I determined that the only way to amve at a 
just conclusion on the subject of well imgation was to experiment for the full worlang day 
on all classes of wells over a large ares, and also to record, personally, as far as possible 
actual areas imgated, number of times each crop is watered, and nU other details beanng- 

^ on tho subject. 

11. Tho Report now submitted gives the result of these experiments, which were 
earned out in 20 districts of the Forlh-Westem Provinces and Oudh, over a distance of 
1,200 miles, at intervals averaging 10 miles apart , the Ime of country covered is shown on 
Plate IX , and it will be seen that it embraces every class of well irrigation, from the 
first class W ih lifts of Aligarh to the percolation wells of Bundelkhand, and the Dhenkh 
imgation of the semi-Terai trocts * 

• Viit Table A 

B 



THE SUPPLY OP WATER AVAILABLE FOR IRRIGATION PROM WELLS. 


The ivater bcanDg BtnU 


Indnnted Band and kimbui 
beds local. 


The mots. 


Wben deposited. 


Hot tmiTeisal 


General diatiibntion 


AH day sot inota. 


SitnatioD knoim to cnltira* 
tore 


{com espenenee 


Snb soil Bcetions 


Spring wella 


12 The Bub-Boil water supply in the Gogm-Gmges Dodb is, as far ns is known, 
inexhaustible, and nearly everywhere it is at a reasonable distance from tbo gronnd Enr^ 
face, but irrigation decreases in a marked manner when the depth to water Bnrfaco exceeds 
60 feet The watcr-bcanng stratum as a mio is sand, which in most instances is overlaid at 
varying distances from the gronnd snrfaceby a bed of clay, indurated sand, or knnLur, called 
variously “ moto," “ mntbarowa,” or “ nagnsan ” 

IS The existence of the indurated sand and knnkur beds is obviously duo to local 
action since the Dodb was first formed , they are met with in but a few isolated localities, and 
have little bearing on the general question 

14 Far different IS tlie case with tho clay bed or mota. Where it occurs, wells arc 
always possible, and there are few Zemindars or Assamies m any village who cannot point 
out with accuracy tho site and depth of tho layer 

15 The mota was deposited at tho period of the formation of the Dodb, and in con- 
junction withtlic sand strata, was probably the result of action similar to that which now pro- 
duces clay beds in the khadirs of deltoic nvers 

16 The mota is not universal , its general distribution is shown in Platt III , and 
there are only a few isolated villages even in tho best districts in which it is found everywhere 

17 Referring to Plate IH , it will be noticed that the mota is not known at all in 
those tracts directly nnderlymg the hills, and gradually increases in occurrence ns the slope 
of country decreases, it is, however, much more prevalent in the Ganges- Jnmna Dodb than 
in the Ganges-Gogra Dodb 

IS The term mota is not applied to all clay strata, but only to those cither nnderlymg 
or directly overlying sand containing water , thero arc often many such strata of varymg 
thickness and at different depths 

19 Canals are only a recent introduction compared with wells, which in many dis- 
tnets have been the only means of raising high class crops for n naturally stable community 
The accurote knowledge which villagers generally possess of the position of the mota is not, 
therefore, to be wondered at It is not universal ns might be supposed, but when a cultivator 
asserts his knowledge it may generally be accepted 

20 Their information is of course derived from experience gained in excavating for 

wells, which have cither proved failures, oi have been filled up or broken long since In 
many cases the rocmoiy of the former well has been lost, and I have come across several 
instances in which new wells have struck on old and long foigotten ones, the sites having 
been chosen on a tradition of the existence of the mota * 

It IS curious to note that although the mota may be scarce in a village, if it exists at all 
the inhabited site will be found on or near it, so placed for obvious reasons, and perhaps 
the mota may have had more influence on the selection of the sites for great native towns 
than it IS generally given credit for Amroha and Bareilly may be instanced 

21 Sections A to G {Ftg 1, Plate I ) illustrate various conditions of sub-soil found 
in the Dodb , they might be indefinitely multiplied, as the clay, sand and water occupy oveiy 
possible relative position 

22 Leaving out of the question for the present wells which receive a supply from 
percolation, we will consider the case of what are usually termed spring (“ Bom ”) wells, 
which should bo sunk so as to have the curb or lower nng firmly embedded in the mota, 
thereby (if a masonry well) shutting out from direct entry all water overlying it Now tho 
generally accepted theory regarding the use of the mota for water supply is that it acts as an 
artes an basin, and that the supply entering the well through an orifice which is bored in the 
clay IS n vcniablc spring,* caused by the pressure of water from the collecting area of the basm 


\ 


* Sach wells are termed spnag m the Tables to distingaish them from percolation well* 
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( 3 ) 

2S The fnofs irlncli arc nllogod lo support tins theory tao first, that until the mota is 
reached the water supplj is easily c\hnusled This is contradicted by experience. Secondly) 
that when the hole is bored into the niota a copious supply of water enters the well, often 
causing danger to the workmen if they do not escape quickly, and sometimes rising abovo 
the mouth But the artesian theory pro-supposcs tho comparntivo continuity of the mota, 
which IS at Tnnnnco With the unircrsal testimony of cultnntors, and tho facts alleged are 
easily explained on other grounds, iide paras 20-30 It will also be shown that artesian 
notion 18 quite incompatablo antli the strata of the Doub 

21 Although tho ground surface of these Pronnccs has been thoroughly surveyed, 
and numerous cross sections taken of tho ground levels, unfortunately there has been but 
little systematic attempt to contour tho sub-soil water surface, for which, in conjunction 
with the ground surface lea els, wo possess unrivalled facilities in tho numerous wells, and 
it IS certainly desirable that in future surveys tho snb-soil water and tho position of tho 
mota should be measured and recorded in a similar manner to the ground surface 

2o Plate IV shows tho snb-soil water and ground surfaces on n section taken across 
tho Deoband Dodb along the Shamli road, and may bo taken as a type Tho water 
surface is at its highest in tho centre of tho Do ik, and gradmally falls in a rapidly increas- 
ing slope ns it nears the rivers on both sides The longitudinal slope is ono corresponding 
in some degree to that of the country, and over tho whole area in which tho so-called spring 
wells exist , it docs not exceed 1 to 2 feet per mile There is abundant cvidcnco that tho 
water from the high land drams into tho n\ ers on each sido at a slope of about 1 in 100, 
or 50 feet per mile, (it vanes according to tho nature of the stratum,) and even if tho mota 
were uniformly continuous and regularly ovcilaid tho water-bearing strata, (which it does 
not,) it is evident that tlicro could be i cry slight, if any, artesian action A typo section of 
the mota as it really occurs is shown in Ftg 2, Platt I 

2G Tho following theory, advanced by Mr J S Beresford, Evecntivo Engineer, 
Irrigation Department, appears to oTcr a true solution of the action which takes place 

It IS admitted that in new wells when tho hole through the mota is first made, o 
certain quantity of sand is forced up into the well with the water, but after n short time 
this emission of sand ceases, and if tho mota is a good one (8 to 5 feet thick of hard clay) no 
sinking of the well takes place A hollow in the sand bcncoth must, therefore, be formed, 
and Mr Beresford assumes that it is of the form (C) shown m Ftg 8, Plate I , and that 
tho mota merely acts as a platform to support the well over this hollow m the sand, 
which gives a surface largo enough to discharge a supply corresponding to the head given 

27 The head is tho dilTciencc of level between the water inside and outside the 
well, for when water is drawn from a well the surface reduces more or less rapidly accord- 
ing to the quantity drawn oat and the strength of the supply, and at length a point is 
reached when the water vacuum is just sufficient to draw in a supply equal lo the quantity 
taken out This is the mean bead, it naturally vanes a good deal over the Doab, and can 
bo found for any of the experimental wells by deducting the figures m column 67 fiom those 
in column GG, Table A 

28 This theory is well supported by facts familiar to Engineers expenenced in laying 
foundations below water surface on sand, where these consist of a platform resembling 
tho mota If any flaws exist, after a slight primary emission of sand, nothing but clear 
water is discharged, and no damage to the foundation occurs, provided the platform is 
thick and strong enough to act as a beam over the hollow m the sand below The size of 
the hollow will be modified by two conditions — 

1 The head, which regulates the quontity of discharge 

2 The comparative fineness of the sand, which regulates the rate of discharge 

The coarser the sand the smaller will be the hollow Perhaps the best idea of the 
area required to admit of the delivery of a given quantity of water m a given time may 
be obtained if we represent the spaces between the particles of sand by tho holes in fine 
wire gauze of varying gauges Coarse netting will require a smaller area to admit of a 
given discharge than fine netting 

29 Similar action may be observed by any ono curious enough to examine the true 
springs when the sub-soil water escapes at the junction of the bangar and khadir On the 
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liesnlt of dmffiBg vrater from 
a \rdl KEting on ilne sand 


Wells possible utrctycoaisc 
sand or grarcl. 
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ospcnsiTC 


Adrantago of the resistanco 
sand offers to floir of water 


Variation in quantity of sup* 
ply 


Fereolation wells when used 


banks of onr largo rirors Ibo Llinflir from A to D vill nsually bo corcred TVith a clay 
deposit oror sand, and tlio sptings burst out at A, Fig 4, Plate I , and flow into swamps 
between A and D, or to the rircr direct A sort of cup or hollow is formed, see B, in which 
Iho sand bubbles up with the force of tho spring, bnt when tlio area of tho surface of tho 
hollow 15 largo enough to discharge tho watci supply, nothing bnt tho Tcry finest sand is 
carried away. 

SO If a wdl rests on sand alono when water is drawn, abstraction of sand tabes place 
from below, and tho well being a henry body sinks into the hollow. Tho cflcct of 
drawing water from n well in pnro sand is to dram on inverted cone, tho height of which is 
represented by the depth of (ho well below water surface, the steepness of tho sides varying 
directly with the fineness of the sand stratum. Fig 5, Plate 1. 

It will bo seen that tho content of tho cono increases with tho depth of the well below 
the percolation level. 

The water nearest tho well is first drawn into it, and passing vertically down close out- 
side, draws the sand with it into tho well, and if the process is continued long enough, tho 
smd will eventually rise into the well until nearly Icicl with tho water outside * 

51. The results described will only occur when tho quantity of water drawn from n 
well IS greater than the snrfaco evposed, t f , iho area of tho bottom of well can deliver 
Tlicrc .are wells on the margins of tho Bundolkliand lakes which giro an amplo supply from 
fine gravel, and which correspond in every point with the cvamplo above described, except 
that tho intervals between tho particles arc greater 

S2 There is no ditficnlty in designing n well which would wort successfully in pure 
sand of any fineness, it is only necessary to make it largo enough , but tho expense in tho 
strata usually met with in tho Boab would be cnoimons, and as far as practical irrigation is 
concerned it is out of the question 

"Wells resting on pnro sand aro constantly used for drinking puiposcs without any 
injury to their stability 

33 For the ordtnarij cglindcr well it is therefore evident that the existence of the 
mota IS a necessity for its swccessf ns nn iriigating medium, and it is worth noting that but 
for this very resistance which sand oiTcrs to tho passage of water, irrigation wells would 
practically bo impossible in the Bodb, for tho snb-soil supply would dram away to tho 
lowest point, its contour would be a nearly level line between great nrers, and (ho depth 
to water on tho watershed, which is now the least at tho tablelands, would bo a masimiim, 

34 Thcro ore great variations in the quantity of water capable of being drawn from 
wells close together and apparently similar in all respects, bnt tho cvpinnation is simple 
enough when we remember Uiat (be areo of tho mota must haro a similar cficct to an in- 
creaso in the depth of the well in enlarging tho diameter, and consequently the content 
of the drainage area {vide Fig 6, Plate I) 

35 Percolation wells are used under tho following conditions — < 

(a) "When the mota docs not exist 

(5) When it does exist but is at such a depth below water snrfaco that it is too ex- 
pensive or too difficult for thopcople, with their existing means to reach it 

(c) "When wells resting on the mota become injured from various causes. 

(dl When they pay better than mota wells Water enters a percolation well by 
filtration from (he sand, cither through crevices in the wall of the well, 
or through a grass or twig lining, which admits tho water while holding 
the sand back. Such wells are generally found in the kbadirs and low- 
lying lands, where recent diluvial action has washed away tho former 
strata, replacing them by nearly pure sand On the ontskirls of the 
town of Jalaipnr, (Shnhjohanpur District,) there is o curions instance of 
this action Por miles round, the Bamganga, which is a great wanderer. 


* Vide aioradabad well ezpcnnent 
t Natural or artificial 
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lias cat airaj tlio old slrnla and tlio mota is unknown, except where a 
kunknr stratum exists in a small patch of 1C acres in extent, which is 
crowded with no less than 14 kucha wells, some of them 100 years old 
— all worked with Bdtis, a class of lift not much nsed elsewhere in the 
pnrgana Percolation wells arc also cxtcnsircly scattered over the dis- 
tricts lying under the lulls, where, ns before noted, the mota is rarely 
found, and ns (m common with the khadir) such lands require little water 
compared with the more southern districts, there appears to exist a sort 
of balance of power regardmg the facdilies for irrigation in the xarions 
tracts of the Dodb. 

With reference to the four conditions under which percolation wells are used. Case (a) 
IS self-CTidcnt , Case (d) will be dealt with when the cost of irrigation is considered 

Case (6) occurs— 

Isf In Tillages, most parts of which possess n good motn easily obtnmable, but 
certain other areas have the mota either at a greater depth or orerloid 
with quicksand, ond the people, accustomed as n rule to dig wells with 
facility, magnify to thcmsclres the ditScnUics to be met with in these iso- 
lated areas, which, m less favored villages, wonld be considered serviceable 

2nd When the mota is at such a depth that the Capital outlay wonld leave no mar- 
gin for profit 

3ri In areas where the motn is overlaid with sand formerly dry, in which kucha 
“ Bom ’’ wells wore the rule, but where now, from a rise in water level, 
the sand has become saturated, and the people are unable to reach the 
mota simply because they cannot dig through the wet sand In the Ist 
and 3rd eases the advantage of Government mterfercnce is obvious, advice 
and regulated advances wonld bo invaluable 

Case (c) occurs— 

1st When the mota is thin If the well is overworked the supply of water will 
increase, but so will tho hollow under the cloy, and eventually becoming 
too largo for the thickness of the motn, the well drops through and is 
practically ruined This occurs frequently m famine years, when good wells 
are strained to the utmost Fortunately there is often a second layer 
some distance below, and were advice and assistance afforded, many piti- 
able examples of wasted capital could agam be made profitable 

Cultivators arc frequently well aware of this danger, and will refuse to allow 
a second eJturrus to bo used, although apparently the supply in the well is 
ample 

2nd When the well gets broken below, and the owner is afraid to clear it out and 
re-open the mota These cases arc quite remediable in most mstances, 
but often are beyond the powers of tho owners. 

3rd When through carelessness the well is allowed to get filled with debns and a 
small supply only filters tlirongb This is scarcely a case of enforced 
percolation, and occurs mostly in those canal-irngated villages, when the 
water surface has been so much raised that sneh a well will suffice for 
tho irngation of a small plot of opium or garden produce * In cases 
like this it would appear advantageous to reserve the canal supply for less 
favored localities 

ith When the sub-soil waterfalls below the mota This does not invariably rcsnlt 
in the well becoming percolation Often as before mentioned a second 
mota exists, and if it can be reached the well may be underpinned, and a 
fresh supply obtained from the lower layer, for its stability is in no way 
endangered as it rests on the mota above If, however, no lower moto 
exists, or if it is at a great distance, the cultivator can only dig a hole m 
the sand below, hue it with grass and obtain a small and intermittent sup- 
ply, the end is generally the dcstmction of the well, as the mota is gradn- 

• CnlbTatoTS m canal villnges often keep np n sort of home farm ronnd tho well to employ their 
cattle on, and opmm is a favorite crop, os it icqaires frequent and thin waterings. 
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allj nndennmed, from the abstraction of the sand by the hncket, and it 
has also lost the support given by the irater formerly below it 

SC It IS somewhat difficult to understand how the ram water, which naturally mnst 
be the mam sonrce of the snb-soil supply, finds its way below the surface hlspciiments 
made after heavy falls on plateans show that the depth to which water penetrates directly 
into the soil is not great, it vanes from a few inches to as many feet according to the natnre 
and level of the surface, md from the snb-soil water contours we see that the nvers even in 
heavy flood can have little or no effect • Practically what we want to determine is the 
source of the snpply in the higher levels, t e , AA of any Doab cross section, Piy 7, as these 
mnst be nearest the source, the lower levels clearly being the result of slow dramage towards 
the nvers on either side That this dramage is very slow is both certom and fortnnate; 
certam, because we know that the level in wells even in years of excessive drought falls 
a few feet only compared with the great difference of level which exists between the surface 
of the water at the centre and the edges of the I)o£b , for instance, in the section of the 
Deoband Boab before referred to, the difference of level is 16 feet in n distance of miles, 
which is a comparatively fiat slope, bnt we have no record of any fall in wells near tbis ap- 
proaching 16 feet The resistance to drainage is fortnnate, as without it the contour would 
assume the direction of the dotted line CO, (Piy 7, Plate I ,) which in many districts 
would be fatal to the interests of well irrigation That the raiufall does not filter evenly 
down from the whole surface exposed may be accepted as evident, but there are great ven- 
ations m the nature of soils, and any cnrsoiy inspection of n map will show the watershed 
intersected with jliils and hollows, the majonty of which nndonbtedly have clay beds, hut 
in many the soil is more or less porons 

37 This assumption of local and isolated filter beds is supported by the fact that 
the rise of water in wells is most marked in some villngee, while there is scarcely any 
yearly ranalion m others, and in all the water usually resmnes its normal level by tbe end 
of ibc cold weather 

38 A good example of tbe effect of the water in tanks on wells is found in the 
Bhogmpnr village, Cawnpore District, the plan of which (Plate YII) shows a marked 
variation m depth nccordmg to the positions of thn wells with reference to the vanons vil- 
lage tanks 

39 It has been noted that the snb-soil water will practically stand at a slope of 1 m 
100, bnt it mnst he remembered that this is when it has an outlet, even though the quantity 
discharged may be small , if no escape is possible and the supply is cut off, the surface mnst 
assume a much flatter slope m time 

40 Accepting this theory of local sources of supply, wo onght to find a high surface 
level m sandy tracts indifferently supplied with the mota , and the Hasanpnr pargana of 
the Moradabad Distnctis a good example, as there the water level is found at 10 to 15 feet 
from the snrfacc 

41 The nvers tahmg their nse from spnngs near the hills and the Terai streams carry 
off a fair share of the rainfall which has been absorbed by the bills Tbe nearer tracts may 
be partly fed by the bill rainfall, bnt it is difficult to imagine tbe great length of the Doab 
to be supplied from such a source , it indeed appears impossible, when we remember the way 
m which tbe Doab is cut up by deep streams often beading tbe drainage 

42 The Doab rainfall must, therefore, be credited with the natural supply of snh-soil 
water above tbe mean level of streams, and an enquiry is much to be desired into the local 
sources of supply, tho amount of water held in suspension, and the curves which it 
assumes under different conditions 

43 The artificial supply is obtained mainly from canals, it is, however, local 
Fcrmanent sections of the canal arc rapidly silt-lmed, which forms a good watertight 
medium, and great attention has for some years been given to fixing gradients winch will 
avoid cillter crrosion or heavy deposits When percolation occurs, the distance >s limited 
by tbe abrupt slope winch ilie water assumes, and the amount by the fact that canals 
arc usually earned along the watershed where the sub-soil snrfacc is highest, see Fig 8, 
Plate I and Plates T and TI 


* In the Dcoband Doab the sab soil contour is 5 feet bigber in tbe centre then the maxiniiim flood 
level in tbe nvers on cither side, and higher up cvciy Doib the excels is much greater 
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44. The Agra Cnnnl affords n good example of this action , the water surface has been 
r.nscd in a gradually decreasing amount os the distance from the canal increases, and at an 
average distance of half n mile the inOucnco is unfclt 

45 That the influence of the canal in raising snb-soil level is small compared with 
rainfall is well slioirn by a section, Plate VI , prepared by Mr "W WillcocLs, Executive 
Engineer, in 1870, which was aycnr of excessive rainfall, while 1877, olso shown, was a year 
of drought, in which the canal was constantly run with a full supply The section 
WAS taken along the Meerut and Ghaziabad road, wliieli runs nearly parallel to the canal 
ond drainage lines, and is therefore no guide, unfortunately, to the transverse slope of the 
Eub-EOil water surface 

4G Swamps are formed by percolation from canals when the level of the ground 
surface intercepts the lino of water slope, and also when the slope is flattened by an inter- 
cepting bed of clay, in both instances pnddling the bed would bo a more efficient remedy 
than drainage, which increases the quantity of the water percolated. Fig, 9, Plate 1. 

47 Drought, ns might bo expected, has n marked influence on the sub-soil water level 
in tracts of extended well imgation when there is no artificial supply 

In some parts of the Muttra District the fall in water surface amounts to from 15 to 
1C feet during the last five years, and it has injured a number of wells, asm some instances 
the water has fallen below the motn 

Tliero IS a possibility that the marked and, as far as irrigation wells are concerned, 
destructive fall of water surfaec in the Muttra District, has been partially caused by over 
drainage in the Aligarh Distnct A glance at the Map will show that the parts of the 
Aligarh Distnct which have been most effectually drained, were probably the local collect- 
ing areas which kept up the snb-soil surface in the tracts now suffering in Muttra, where 
there are comparatiiely few jhils, and the fall occurred just about the penod at which 
the drainage system was perfected 

A satisfactory explanation of this, and other interesting matters relating to the sub- 
soil supply, con only be obtained by carefully observed sub-soil water contours, and the 
subject of a complete Map of the North-'W'cst and Oudh water levels has been brought to 
the notice of Col Forbes, the Chief Engineer for Irrigation, and has received his approval 
as far as the preliminary arrangements arc concerned 

48 The Assamics have repaired some wells in an ingenious manner by nnderpinnmg 
the masonry with a wooden or *i grass lining An interesting example of this is No 6618, 
village Bheema, pargana Mahaban, Ftg 10, Plate I 

Two-lift well, old Water surface has fallen 12 feet dnnng last 5 years For 4 years 
the well was kept at work with a grass lining, last year a wooden lining was pat in This 
well cost Bs 400, and though built with lime, is now showing signs of giving way The 
present supply is percolating through the sides of wooden Iming or lothi 

49 The following accounts of the abnormal permanent fall of sub-soil water level 
were snpphed by Assamis in the field, and in all cases the fall had caused injury to the 
wells — 


Distnct 

Pargana 

Tillage 

Pall m feet 

Aligarh, . .. 

Hathras, . 

• 

Ssisni| 

6 



• 

Hathras, . . 

4 

11 

Iglas, 

« 

Iglas, 

6 to 8 

Muttra, 

Saadabad, 

• •• 

Munsin, 

6 

11 ••• • 

Mabnban, 

• • 

Mirhouli, . 

a few feet 

» • • * 

« • 


Itaya, 

15 

8hahjabanpur, 

Fawaine, . 

•• 

Dharmangatpur, 

5 

Dnao, 

Umo, 


IJnao, 

a few feet 


50 In Bundelkhandthesub-soilis not uniform ns in the Do&b, the mota is unknown, 
and supply vanes greatly according to locahty, both in quantity and depth below the sur- 
face of the ground 
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51. The soils of Bnndolkhand nnd their choraetcnsties are troll laiotrn , they consis 
of “ mar, ” “ kahnr, patwa, ’’ nnd “ raknr ” Mar usually overliestho pnrvra and rakar, thi 
exposure of the snrfaeo of urhidi is supposed to bo the result of denudation In the mori 
northern tracts of Hnmirpur the direct laiiifall appears to bo the sonreo of the sub-soi 
water supply, wbieb has a better chance of filtering down than in the Sodb, owing to thi 
undulating nature of the country 

52 The absence of the mote overlying sand charged with water, deprives Hatnii 
pur of the nmplo supply generally obtainable in tlic Dodb. But there are local spots when 
a very good supply is obtainable, and nearly nil the largo villages have n fair area of gordci 
cultivation which is irrigated 

63 The depth to water snrfaeo is usually less on the inhabited sites than in thi 
village “har," or outlying cultivation, (Fiff 11, Plate II,) and this is cvplaincd by the fatf 
that the villages aro always from choice placed on pnrwa soil. Mar being considered feverish 
and rakai bad for cnltiration Denudation of mar, of which pnrwa is commonly tho result 
wonld naturally tako place first from tho highest points of tho general surface of tho conntiy, 
tho village will, therefore, usnally bo on a relatively high point of tbo sandy or water>bcann£ 
strata, and consequently near the water 

54 Although after the nuns nnd during tho cold weather tho supply Is fairly plenti- 
ful, yet in many places by tho beginning of tho liot season it becomes mneb reduced, and wells 
frequently dry up This appears to be duo to tho coarser nature of tho soil, which permits 
of purely percolation wells being used, vide para 31, but tho water can also assume a much 
flatter slope to the drainage on either aide Deep wells would appear to be the only remedy, 
but tho point to which they should bo sunk must bo locally fixed, as the water falls belou 
tbo beds even of tbo drainages in many instances 

55 Xn the southern parts of Hnmirpur rock wells nro common, tbo overlying strati 
aro soft and diy, and tho wells are sunk info the solid rock, tbo water gradnally increas 
ing m quantity with the depth Tlio supply is always prccamus, and seems to bo donvet 
by percolation from fissures in tbo apparently solid rock 

5C The Bnndcllvhand lakes arc caused by obstructions placed across the nntnra! 
drainage outlets, where tbo slope and conformation of the country is suitable for the for* 
motion of reservoirs Direct irrigation is practised from many of them, but is precunons 
being dependent on tho previous rainfall Nor is it practised with that economy which th( 
known limitation of the supply and the cost of artificially raising it should enforce. 

The beds of thoso lakes are porons, often owing to the proximity of the hills, much 
mixed with gravel, and the supply spreads freely through tho strata surrounding tho lake, 
and it IS here we find the best well irrigation in Bundelkliond Even when the lakes drj 
there often remama hidden under the surface a copious snpply which is distributed by the 
cultivators on the most economical principles 

Owing to tho short depths to water surface and tho coarse nature of the soil, wells 
can ho cheaply built, and the cost of lifting is small 

57 The question of entirely stopping direct imgation from these lakes is certainly 
worthy of consideration The area capable of being irrigated wonld cerimnly be mnch 
increased from the enforced economy, and it is probable that tbo snb-soil supply wonld out- 
last even two years of drought if tbo lakes were not reduced by directly drawing water from 
them 


58 Even, small lokes scattered over the country wonld bo of tbo greatest benefit, 
and the capital saved by the omission of the canals might be devoted to the assistonce of 
the Zemindars in bmlding wells, on which a rate conld be charged sufiScient to cover the 
outlay 
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50 In tlio Districts examined, except in n fcir isolated instances, cattle arc only em- 
ployed on ivlint arc colled the “ Eili ” and “ Lagor ’’ systems, in both of irliich the ckwrrus, or 
leather bag, is drawn np filled with water by n strong rope fastened to a wood or ironnng, 
round which the edge of the ehtimis is tied , the rope is earned over a pulley fixed on a 
framework overhanging the well month, and the cattle travel np and down an earthen 
ramp, sloped at an angle varying from 5 to 20 degrees The ehurrus, or par, as it is often 
called, when emptied by a man standing at the mouth of the well is again lowered down 
into the water and refilled. 

GO When working Lagor there is only one ramp or slope, and when the pur is 
emptied the bullocks turn round and wolk up the elope with the rope still attached to the 
yoke. 

G1 The term Kill is derived from 7-t/, n nail or peg of wood, and when cattle are 
worked in this system, os soon as the pur is empty the driver takes out the peg which fastens 
the rope to the yoke, and holding the end of the rope in his hands, nllows the weight of the 
pur to draw him up the ramp A (see Fig 12, Plate II ) The bullocks walk up a second 
parallel ramp B, to a feeding trough C, fixed near the top of the working ramp, and as soon 
as the pur is re-filled are ngnm ready for work 

G2 The advantages of Kill working over Lagor are that it does not harass the bul- 
locks, it IS easier on the driver, ond it enables a number of cattle to be used at the same 
time, thereby saving delay and expense. Any one who has observed cattle worked Lagor 
will bo well aware of the irritation caused by the jerks their necks get when the empty 
pur IS thrown bock into the well, nor do they got any food when working It is easier on 
the dnver, as he gets pulled up the ramp, and it saves time and expense, smee two to four 
pairs of cattle can bo employed at the same time, each pair waiting their turn VThen the 
cattle are well trained only one dnver is necessary, as the food near the well attracts them 
The dnver goes up the ramp much quicker than cattle do, and therefore more work is done 
in the time, one pair being always ready to lift In both systems the dnver usually sits on 
the rope going down 

G3 The distribution of the Kill and Lagor systems is shown in Plate VIII , it is 
cunous that it should be so local, but except on the boundaries, the systems are absolutely 
un-mixed, and this although the great advontages of Kill working are admitted by most 
cultivators who know it. 

64 The capacities of the various lifts are given in Table F , and it is interesting to 
note the difference in content Lagor lifts vary from 1 50 cubic feet in Hamiipur to 5 70 
cubic feet in Farukhabad, and Kill from 2 70 in Bijnor to 7 65 in Muttra The latter weighs, 
filled with wafer, no less than 500 lbs , and requires very powerful cattle 

65 At Kill wells the same cattle are employed throughout the workmg day, but at 
Lagor, when more than one pair is used, the change is made at noon, and it is rare to find 
more than two pairs used At Kill, however, three pairs are not uncommon, and for sugar 
cultivation four pans are often used , the reason of this is that the cattle are employed crush- 
ing sugarcane up to the last day to which the Assami’s can put off gettmg in their sugar, 
when all combine to water the area, which is never large compared with the rabi irrigation 

66 Besides the mam divisions into Kill and Lagor, there are many minor differences 
in the manner in which wells are worked, some of which have a considerable bearmg on 
the expenses 

In a single pur well with one pair of cattle three persons are employed— one dnvmg, 
one emptying the pur, and one in the field adjusting the depth of the supply and clearing the 

c 
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wntor-conrscs. In coses wlien an Assnmi's fnmilj’ Tfork mlh Lint, lus mfo empties lliopur 
and one of the cliildrcn ottends to tho fields. 

When tiro lifts in the same well arc nsed there is nt once an economy, for it only requires 
at most t^o persons more, and so on for any nnmhcr of lifts added, as one man is qnito suf- 
ficient to attend in tho fields to more iratcr than any ircll conld supply. 

Cut ranons other economics can ho practised. If tho ramps are parallel and tho 
pulleys on tlio samo side of the trcll, ono man can empty trro purs, or one man can drive trro 
pairs of cattle even at Lagot , but these unfortunately cannot be practised together, ns there 
uronld bo a loss of time in emptying if the bfts came np together 

For tiro lifts on the same side a largo ircll is required, and iro Uicrcforc usually sec this 
system employed in four pur masonry or in good hnclia vrclls. 


tCho follounng tabic shorrs the number of persons required to urork dificrent classes of 
Trells under the best conditions — 
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One pur 

Two par 
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C7 Tho economy of largo rrclls and Kill tn this respect is manifest, for the eight pur 
ircll mth four pairs to each pur should be cqnal to S2 one pur irclls, irhieh would require 
9G men, hut as will be shown farther on when the number of pairs on ono pur is unduly 
increased their cificicncy is diminished 

C8 The fittings of wdls arc very simple, they vary much, however, m dificrent dis- 
tricts The twomain ty pcs aro shown in Fiy 13, Plate XL Aisusedmamly forkuchaand 
13 for masonry wells 

G9. These fitlmgs rarely cost any nctnal cash Tho wood is generally the cultivator’s 
own, and the making and repair is incladcd in his general contract with the village carpenter 
What he has really to pay for are tho pulley, tho matcnal for rope, which is itself homo 
made, and tho chumis or pur with its nng 

Tho cost of the fittings and lifts for each wdl is given in Tablo A, colnmns 44, 47 ; 
they are of necessity in a few cases approximate, but ns a mlo have been placed at tho 
lowest possible figure, and represent as nearly as con bo actual outlay, 

Tbe cost of tho pulley and nng is incladcd in cipital, but the pur and ropo oro renewed 
yearly in fnlly worked wells Tbe cost vanes ns follows — 

Churrus or pur, . Bs 3 to Es 9 accordmg to size 
Bing for churrus, . As 2 to „ 1-4 „ to size and material 

Fopo „ „ 8 to „ 2 „ length and quality 

Wheel „ „ 2 to „ 3 „ quality 

70 The value of the cattle employed vanes from Es lOtoBs GOper head, and their 
quality has an important inflaence on tbe quantity of water drawn doily An average rate of 
3 annas per pair has been chatged as the cost of feeding bullocks when working , this is less 
than the actual cost m the case of large bullocks, and perhaps slightly more than incurred 
for inferior dasses Bat good bullocks will work more days in the month than bad ones, 
and some small expense for food is necessary even on idle days Ko addition to capital has 
been made to cover the purchase of cattle, it is certomly douhtfol whether they are ever 
purchased directly for irrigation, and the rate charged is mtended to cover not only tho food, 
but also the mteiest on shore of ongmal purchase money and depreciation 



, nnmu kbor ud hoir cm* 
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71. Hnmau labor is omployod in fourways for lifting mtor in tho districts 

lfi( — As cattla IiCgor— dra\7ing \Titli n c7iui rus. 

2nf7— „ „ „ a gurrah or earthen pot. 

Srd— Tho “DhcnHi." 

4tJi— Tho « Bill ’* 


L&gomith cAvrruf 72 (1) is coutnon in Lnclcnow, Hardni, Shnhjahonpnr, 10 men being employed 

according to tho depth of the well and the eizo of tho lift As in cattle-worked wells, 
one man is in the field, one emptying tho churm, and two-thirds of tho balanco pnlhng 
tho rope, one-third resting 

I have never seen wells worked with more than one clmrruB in this manner, tho content 
of tho lifts used IS small, from 1 5 to 2 5 cubic feet, but coolies work much faster and for a 
longer time during the day than cattle 

Tho cost of fitting is sumlar to that for Logor wells. 


lagoT with gwrah 


ShenUies 


TbeBSh 


73. (2) I have only seen in TInno, ono to two men aro used pulling on the tope, one 
emptying and one in the field Tins method is employed either when cnltivators aro very 
poor and cannot afford any more expensive arrangement, or when tho supply is scanty and 
at a distance of 20 feet or moro from tho ground snrfaco 

It IS most expensive, the cost of two persons in nitendnneo being often incurred on one 
man drawing water. Changes from ono class of work to another arc, however, frequently 
made, which somewhat increases the quantity of work done 

The cost for fittings is very small 

74 (3) Bhcnklies are well Icnown, they are universal in the East, and consist of a le- 
ver, tho short end of which is loaded so as to a little moro than counterbalance the weight of 
the rope and empty earthen pot on tho long end Ono man is employed lifting and empty- 
ing and one person in tho field, and they change work occasionally. 

It Will be seen that the man working the Dhcnkli has to pnll slightly on the rope to 
lower tho gurrah into tho well, but when raising he has to exert less force than the quantity 
of water lifted would require, and neglecting tho fnebon on the axis, there is no loss dne to 
dead weight if the loading is properly odjnsted When the supply admits of it, two Dhenkhs 
in one well are common, and thus the labor of one person is saved 10 to 15 Dhenklis are 
often Been in different wells close together lifting into a common water-coarse, this usnally 
ocenrs when a good local supply near the surface is avoilablo, and it is a most economical 
system of ungation 

The cost for fittings is small — two uprights of wood or earth are used to support the 
axis of the lover, which is a 20 to 80 feet pole, the length vaiying with the depth of the well. 
When such long poles are not obtainable in one piece two are joined. Be 1 for first cost 
and 8 annas for repairs dunng tbe season, will cover tbe expense of a single lilt. 

75 (4) The Edti or charlt {Fig 14, Plate II ) consists of a rope passing over a 
light pulley fixed in a framework over the well , the rope has an earthen pot attached to each 
end, and the man working palls them alternately up and down As with the Dhenkli there is 
no loss due to dead weight lifted, and this class of lift is employed in similar circumstances, 


bnt its range is much more limited 

The cost for a Bdti is as follows — 

Pulley, 

.. Be 0-14-0, lasts 5 years. 

XJpnghts, 

• t> 2-0 ,, „ „ 

Biope and gurrahs, 

. . „ 0- 4-0 to 0-8-0, lasts 1 year. 


Total „ 1- 8-0 


DhonUis BBd R&tu when need, 76 Dhenklis and Efibs are used as a rule m cases where the suh-soil consists of pure 
and their eeonomv sand, or strata sneh as only give a small and intermittent supply, and when the depth to 

water surface docs not exceed 20 feet 


The wells in which they are used aro nearly always kucha, and if lined, only with a mat 
or rope of gross, which just suffices to hold the sand bock and to keep the cavity in the 
centre open enough to ollow the small gurrah to be filled. The quantity of water drawn is so 
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( 12 ) 

small, that tho surface cTca in pure sand percolation vrclls is often not sensibly loircrcd, so 
that trhen tho sab-soiI surface is met Tritfa, at say 10 feet from the ground lercl, tho Dhcnkli 
continues dratriug iratcr at from 11 to 12 feet during the day This influences in n mnrhed 
degree the actnal cost of irrigation, and rrhen timo is not nn object, it nppears difficnlt to 
improTO on tho ShenUi in such a sitnation If tho supply is so bad that even the sloir 
abstraction by tho Dhenkh c^ansts it, tho Assami is equal to tho occasion, for bo halrcs the 
expense by only employing one man at the trcll, ttIio altcmatcly draws water for n short 
time, and then distributes it by opening tho compartments in the field, thus allowing time 
for tho supply to accnmnlato in the well 

77 In calculating tho cost of irrigation, tho rates for the men employed have been 
entered in tho ease of hired labor at those nctnally paid , these vaiy according to tho eitno* 
tion of the village with reference to large towns, and from other causes, such as relationship, 
ago and class They have been obtained by careful enquiry In some cases cash payments 
are made, in others only food and clothes arc given, the latter have been worked ont at 
ennent rates Homo labor has been charged at one anna per head per working day, deduct- 
ing one man from the total nnmhcr employed Tius represents the cost of food and 
dothes, and altliough it is possible for a man to hvo on less, yet the labor is severe, and the 
allowance can hardly be considered excessive 

78 Table F shows the work done with tho diflercnt classes of lifts It will bo seen 
that in tho case of cattle it increases in quantity with tho depth of the well, or in other 
words with tho contmmty of the labor It docs not vary with men, as they can turn quickly, 
and m the ease of cattle is reduced when the nnmhcr of bullocks is undnly increased 

The gross work done by one man cqaals half ton lifted one foot in one minntc for cittlo 
the amonnt Tories from a half to S tons per head according to quality of cattle and depth 
to water 

79 Tho Bfih is tho most cfllcicnt and economical hft for all depths np 20 feet, bnt 
men unused to it do not like the labor, and tbo quantity lifted is small, and it is therefore 
unsuitable for thirsty tracts, nor is simple coolie labor always available in quantity Cattle 
form tho staple labor of the conntiy, and it is therefore with reference to them that the 
question needs most enquiry 

80 A continnous motion giving tho best rcsnlts, the natural conclusion is that tho 
cattle should walk round tho well, bnt to make tbo mobon conbnnous with tho ordmaty 
intermitted lift, necessitates such a complicabon of filbngs and ropes, that tho gam is 
more than compensated for by the increased expensB and loss of time m adjustments 
The diom pnmp has now been brought to a high state of efficiency at the Cawnpore farm, 
and it IS to it that we must look for the most economical distnbuUons of water from wells 
m quantity 

81. A contmuous mobon con bo given to the chain of the pnmp from tho bnllocks 
walking round the well by simply lengthening and carrying it round a horizontal dram 
revolved directly by tbe bullock pole, the chain bemg guided by a pair of small wheels tan- 
gential to the circnmfcrenco of tho dram, Ftff 15, Flate II 

The whole anaugement would not cost more than Bs 20 over the first cost of 
the pnmp 

A pump and fittings complete fit for n pair of cattle could probably bo supplied from tho 
farm for Bs 100, and the interest on this at G per cent would not be equal to tho 
yearly charge incurred by Assamis for their lifts, t« , Bs S to Bs 12 

There is some uncertainty as to the maximum speed at which cham pumps may 
be safely worked If it is found desirable to mcrease the speed, the apparatus above des- 
cribed can be easily adapted by addmg a second dnvmg wheel, and takmg off the power 
with a cham, see Fig IG, Plate II 
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82. Tlio cost of Wells wltcn constrncted by caltirators has been given in Table A., ond 
(bo great advantages of homo constmction by men, so much interested in the result, and so 
well ncqnaintcd with local facilities, need not be farther remarked on. When I mentioned the 
subject of well constmction to zemindars and cultivators, they always expressed a wish to 
do tho work themselves, provided the ncccBEary advance could be had on simple terms 

83. Tlieir dislike to tho present taccavi system must bo strongly founded when tho 
difTcrenco hotween tho Government rate of interest and that charged for Mahajan’s advances 
is considered , a cunons instance of their dislike to taccavi on any terms occurred in Aligarh, 
for though (ho advance was olTcrcd without any interest to tho cultivators of tho land thrown 
out of canal irrigation m the Seconder Bao Tchsil, it was frcq^nently, if not mvanably, 
refased The wells were built, however, and irngation carried on, and it is possible that 
tho absence of an advance was not much felt, as oultivators in canal villages are generally 
well olT 


84. If wells nro bnilt by Government they will hove to bear tho cost of tho snpems- 
ing establishment, which will be heavy, as tho work is necessarily a good deal scattered, 
and small isoIatcd'worLs cost relatively more in (his respect than largo ones 

83. Tlio following are tho indirect charges which will be menrred m any extended 
scheme of well constmction by Government agency — 


Establishment, 

Leave and Pension, < 

Interest during con<' 
strnction. 


20 per cent on works, 

20 per cent on 85 per 
cent of establishment, 

ot 4 per cent 


} 


this is according to Govern- 
ment of India orders found- 
ed on oxpcnence 


86 Tho total of these amonnts to 27*4 per cent on works without consider- 
ing the cose of wells, in tho constmction of which exceptional difdcnlty is met with , it may 
fairly be assumed that an ordinary well to tho moia, inclndmg all contmgcncies, can be sunk 
complete for Bs 36 5 per 100 cnbio feet of masonry. 

This figure represents* 

Actual masonry, 

Sinking, .. 

Earthwork, 

Curb, •• 

Contingencies, .. 

87. This does not include the cost of fittings, which it is presnmed the oultivator will 
supply himself. In the Table of relative cost, these items are separately shown to allow of 
& companson with the rates worked to by tho people themselves 

88. Tho prices fixed above have been kept down to the point at which it is only 
possible to do the work. They will re^mre tho most careful supervision to avoid excessi 
and allow nothing for unexpected difficulties 


Bs 25 per 100 cubic feet 
25 per cent of cost of masonry 
5 ,, „ 1, 

10 ,, „ „ 
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Taht.b I •^Relative Cost of Wells tf eonstructei hy Government. 
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150; 9*0 1 11 0 0 8 5'- S 


10*5 1*2 


10 25 15 


4 feet inside diameter 
1 foot thickness of <grlinde; 
10 feetbeloiT^ater sarfaci 


10 0 1*8 


90 25 


85 32 


2-£tJl tcells-^ 

J 6 5 feet inside diameter 
*] 1 foot thickness of cjlindei 
12 feetbeloirirater snriaci 


80 39 


2-Lift, .. 


2S‘0 0 6 Sf- 16/- 


8~Zt/i teells not eeonomtcal 


215 0 8 


20 5 1*2 


20 0 1 1*4 


j i-Zxft teells— 

j 8 5 feet internal diameter. 
Ij 1 5 feet thickness of cylmdei 
1 15 feet beloir water surface 

I 


4«Lift, .. 


1221 5G81 34 08118 0 1*9 


68 17 0 2 4 



28 16 0 3 0 


546| 32 76! 44 0 



15(- 32/- 


36 0 2 0 


34 0 2 5 


350 1,634 


Lifts Kill, one unit each 
The areas are dedneed iroe 
Mntlra and Aligarh masi 
mnm-arcas which are the bes 
snbstantiated 

- q They are doable the Lago 
” areas of Eai Bareilly, wind 
has the highest percentag 
2 5 of irrigation in the Province! 
see Appendix IV. 
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Percolation into water* 
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90 The uniformity of tho results shoim were somewhat unexpected, for there does 
not appear to be any great saving in one class over another, but as shown m the note on 
“ vanous methods of lifting,” there is a great saving in tho cost of drawing water when 2 
lifts are worked together at the same side of a well , the 4-hft wells are, therefore, the best 
as far as regards the cost of dehvering water from a well. The diameters given in the table 
are the mimmum used for the number of lifts, and are only just large enough for full sized 
purs , it would be an advantage to increase them slightly all round m practice 

91 The depths below water surface, i s , 10 feet for 1-lift to 15 feet for 4-lift are rela- 
tively mcreased, as an mcreased head is req^nired to supply a number of hfts m the same well 

92 Tho cost of fittings has been thrown on the cultivators , it would be far better for 
Government to incur tho increase of capital, and fix good stone uprights and platforms on 
each well. This cost would be repaid by the stimulus given to early irrigation, as often at 
first combinations are diGScult, and no one Assami will care to go to the expense of fitting 
up a well, the benefits of which he will only partially enjoy 

93. The cost of the rope and ehutrus will of course fall on the actual irngator 

94. Advances for productive Public Works are now made by the Government of India 
at 4 per cent , the interest on Capital has, therefore, been charged at 6 per cent , to allow for 
unforeseen charges, preliminary joperations, settlement, &c 

93 Dry bnck wells have not been estimated, ns where they are bnilt,kncba wells 

are nearly always possible, and the lining is used merely as a means of protecting them 
from the wash of the bucket, a matter which shonld be encouraged as much as possible, but 
which scarcely calls for direct Government interference, ns the expense is usually small 
Percolation dry brick wells cannot be recommended When the snpply is near the surface 
the Dhenkli and Bdti are a much cheaper means of hfiling water than a chums from a sur- 
face lowered to obtain the head which is reg^uired by the latter, and when the depth to snb- 
soil surface is great, it will be found that the mcrease in cost of lifting doe to a small and 
intermittent supply, will render them more a soiiice of loss than profit to the Assami, and 
they fail utterly in very dry years unless carried to such a depth as to render their cost pro- 
hibitive , 

96 The cost of a masonry well d^ends directly on the depth of the true mota, this 
may be great even though the sub-soil water surface is high , in such cases and in mstances 
when special means, such as pipes, &c , are used, the Bevenne officer alone can tell whether 
the transaction will be a paying one or not, and that within wide limits, as the final result 
both as regards expenditure and success is always doubtful. 

97 The best description of bnck to use for wells depends on the mortar, if this is 
good, large voussoirs may be employed for tho cylinders, but when the quality of the lime is 
doubtful, small country bncks are to be preferred, plenty of water should be used, and n long 
time given to the work to set 

98 A matter intimately connected with the construction of wells is tho loss due to 
percolation from water-courses Tins seriously interferes with the success of large wells. 
From Abstract Table G it appears that the mean loss is about two cubic feet per foot run, dur- 
ing a day of 9 hours, and that the loss of area varies from SO to 50 per cent per well for a 
water-course 500 feet long Borne expenments recently made by Mr Beresford on the 
Anupshabr Branch, Ganges Canal, showed out of a total supply of one cubic foot per second 
a loss of 0 5 cubic foot per second m a distance of I 5 miles, tho soil being sandy for one 
mile , this for a day of 9 hours = 20 cubic feet per foot run, and the results shown may, 
therefore, bo assumed ns fairly correct 

99 This loss can bo entirely obviated if the channels are lined with an impermeable 
material, and if pipes or concrete are used tho cost will amount to about Bs 10 per 100 
running feet 

100 The maximum annual area imgablc by a 4-lift well at 30 feet to water surface is 
shown os GO acres The best disposition of this area will, I think, be n parallel strip with 
the well in the centre on elevated ground, and this is not an uncommon arrangement of 
area for largo wells, and suits the natural lie of the countiy, as the channel will be on the 
watershed with the irrigable area gently sloping on both sides 



The tnttfii al (Fij 17, Plate IL) shotUd dqiend on the nature of the sml, hnt if fu. . 
4rhft irell ire assnme it at 400 feet, ^e find the length of permanent Trater-contse leqnn 

\rill be feet — SOO feet= S,000 feet^rrhieh at Bs lOperlOOssJ^ 300,andet 

nssmning that it onlj eares one cnbicfoot per foot mn, the amonnt spent nill more than cm 
the cost of construction of a Tsell capable of supplying 3,000 cubic feet per da j, and enfin 
sare the cost of re-lifting the actnal nrater It ironld, therefore, appear adrantageons to a 
permanent channels to all irdls bsilt by Goremment The cost nfil raiy bom 50 per cei 
of direct consfrnction in the case of loir hits, to 12 per cent, for a depth of 60 feet, or neai 
10 per cent, per foot of rise in water surface, and this will also tend to equalize the re 
per acre to be charged. 

101. Tatdng all contingencies into consideration, a round rate of Bs S pet acre 
annual irrigation appears to be the mean charge required to corer outlay. 
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102 There ere fetr ttcIIs to be found in the Lodb from trhicli irrigation is carried on 
under prcciselj similar circumstances Climate affects the number and depth of the uatcrings 
given, and there are marked rariations in the characteristics of the cultivators, cattle, 
rrclls and methods of lifting irater. 

103 The one advantage we possess in attempting an estimate of the cost is, that 
each individual well or cluster of wells is a fivturc in its own plot of land, the boundary of 
which can be determined with reference to surrounding wells, and the maximum quantity of 
water which can bo lifted in a day 

104 Every crop that is watered from a well bears a cost over a dry crop, the total 
of which IS made up from three mam heads, uz — - 

A Interest on capital 

B Annual charges 

C Cost of lifting the quantity of water required 

105 The word dry is intended to refer to crops raised in lands unprovided with 
wells, as even when owing to the necessary quantity of rain having fallen, well lands are 
not watered, they have still to bear the yearly interest charges 

» 

A — Interest on Capital 

106 The capital invested is the neecssary cost of construction of tho well with its 
fittings, and this vanes from Es 2 to Rs 1,000 with the class of well and advantages of 
the situation 

The cost and descnption of the different hinds of wells and fittings met with in the 
Doab have been already given, and the detail of those evainincd will be found in Table A., 
columns 44 and 43 It was impossible to ascertain with accuracy the cost of very old 
wells, and even in the case of those recently built, it is difficult to fix the exact expenditure, 
both homo materials and labor aroused, the construction is often spread over a long period, 
and few Zemindars keep accounts, but a fair idea can usually be formed from a due consi- 
deration of the diScnllics met with, the facilities for obtaining material, and the relative cost 
of similar wells, the expenditure on which is known 'When no other means were available 
the sum was fixed at about one-half of what it would cost Government to build such a well 

In Table G the interest at 5 per cent of tho cost of the experimental wells is distri- 
buted on the area actually irrigated during the year — both rabi and Lharif In many 
mstanccs there was no kharif irngation, in others it was difficult to ascertain correctly 
'When such was the case one-half of the rabi w as added for kharif to make up the yearly 
irrigation, and the incidence of the rate is shown on this area 

107 Tho rabi area is made up of crops which require a different quantity of water 
at various intenals, the maximum rabi area which can be watered, therefore, depends on 
the quantity of water raised and the crops grown 

108 Table D shows the periods of crop growth for the districts examined It 
IS compiled from tho famine replies, and the mean number of waterings and intervals between 
waterings entered were collected from personal cnquiiy.' 

109 The intervals multiplied by the waterings do not always fit in exactly with the 
length of time the crop is shown in the ground, but this is only to be expected, as the water- 
ings shown are those required in years when the cold werther rainfall is deficient, and the 
interrals tho maximum the crop will remain uninjured without water 

a 
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no. Tlio wells experimented on were, as far as conld bo managed, tho best in 
each Tillage visited, and the lino of country was cliosen so ns to bring every class 
under examination, and Table B shows the ncliial area irrigated by crops per well, lift, and 
pair of cattle or man employed lifting water a lie mean area and tbo percentages of crops 
for cacli district are shown, and also over each ciop area the nctnal statement of tho 
Assami regarding Iho nnmhcr of waterings required is given 

HI Table P shows tho number of days required per pair of cattle or man aclnally 
lifting water to irrigate an aero at three dilTcrciit depths of watering, and by diiisioni 
or addition, of these depths, the number of days required for aiij given depth can bo 
readily obtained. 

112 The mem depth of watering given m each district per crop is shown in Table B , 
and tho same reduced by the loss from absorption m water-courses in Abstract Table 0 

113. 'We hove, therefore, for each well, village. and district a close approximation to, 
if not actnal 

Depth of wntenng in feet, 

Piimbcr of wntcilngs required, 

IVorhing days to tho acre, 

Inlcn als between waterings, 

Percentage of crops grown end periods of growth, ^ 

and it IS then a simple calcnlation to determine tho maximum area which can he irrigated of 
any fixed proportion of crops, or of the percentage suitable to the district m which tho well 
IS situated 

114 Table 11 sliows a final result for districts. Tho figures for those m which there 
were n largo number of cxpcnmcnls are naturally most to bo depended on, and fortunately 
this occurs in tho best irrigating districts 

113 A reference to the abstract of Table D will show that, rejecting carrots, potatoes 
and tohicco, and making duo allowance for ripening, the averoge time available for watering 
the rabi may bo fixed at 180 days , but except m tbo case of wells on which a large num- 
ber of cultivators per lift work jointlv, this period must bo considerably reduced Tho 
same cattle cannot be worked more tlion 20 days m tbc month ntsncli severe labor witlioiit 
serious injury , indeed this is the period generally given by cultivators tliera«clvcs as a 
maximum, nor will any except the best wells stand such a constant strain It will bo safe 
however, to assume 150 working days ns ai ailnblc, ns few wells have less than two cultii ators 
working at them When potatoes, tobacco and carrots are grown this period is often ex- 
ceeded, hut wells which take 150 days to water their rabi crop area may bo considered as 
folly worked, and from Table G we find that the mean interest rate on cost of constmction per 
acre on a. of the maximum rabi area is Its 1 for Muttra, when the depth to water surfaeo 
IS great, W5, GO feet, and tho wells are nearly all masonry, and Us 1-8-0 Tor the other 
districts, with a mean depth to water surface of SO feet and all classes of wells 

lie Only one fiftn of the wells examined attained their assumed maximum rabi area ; 
tho figure cannot, therefore, have been fixed too low, many had no klmrif irrigation, and m 
only two did it exceed the allowance made of half the rabi area, the actnal rate per acre in 
1881-83 must, therefore, m the majority of cases have been for above tbo figures given 

117 Some wells have no rabi area Kiicha wells are dug in both Bnndelkband and 
Bohilkliand solely for sugarcane irrigation, which is often watered when other crops arc grown 
dry 

118 A considerable difiercnce of opinion exists ns to the total area which sbonld bo 
allotted to each well, or rather to each unit (see para 4) We find m Table H the mean 
yearly command for each distnet per unit, but even m the most closely cnltivatcd tracts 
of the Doiib there is fallow, or land not cultivated in either the kharif or rabi of tho same 
year, so that, oven wore tho whole cnltivatcd area yearly irrigated, which it is not, wo 
could not get the number of units required by dividing the total area by the unit area It 
Will he seen also (vide Table 0 ) that there is a senous loss of water when taken a long 
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distance, and cnltirators are fully aware of tins ,* yet tlio disconnection of the tracts of mota » 
and the mixture of good and bad land in many places necessitates either the isolation of 
the iirigntion, or the carnage of the watei for a longdistance, in which case the available 
unit area would perhaps not be worked np to. 

119 "With reference to the proportion of cultivated land which is yearly irrigated, I 
had hoped, but haie not had time, to give some examples showing the allotment of 
irrigated and dry ciops in ceitniii typo Villages over a series of years, it wonld be found to 
be ctiiionsly pemanent Occasionally Assnmis hold land in two parts of the village, usnolly 
termed the " bar ” and “ chain in the Jiar they cultivate rain and dry crops,f and round 
their wells those winch they wish to water, nnd in highly irrigated villages this land is 
frcqiienllv double cropped, (a rcfcience to Table A , column 11, will show that the double 
cropped area increases in a marked degree with the percentage of well irrigation,) adding 
another to the many diGScuIlics of the estimation 

120 Statistics showing the actnal area commanded by each nnit of irrigation might 
be obtained by iccordmg the fields irrigated from certain selected wells over n term of 
years, but the variations are so gicatin individual wells, that this would be necessary for a 
large number of cases to obtain an aveiage figure Perhaps the best approximation is to 
be found by dividing the number of units in highly irrigated villages into the cnltivated 
area It is necessary to select villages which irrigate from no other source than wells, and 
from the v illagcs examined presenting the maximnin percentages, it is evident that there 
is a considerable diiference in the propoition which the total area ever irrigated bears to 
the area actually irrigated in any one year by each unit, as it varies from 7 to 150 per cent 
of the year’s iriigation, even when the perceutage of the total area of the village irrigated 
IS large It is influenced mainly by the nature of the soil with reference to its powers of 
being double ciopped, and the clats of cultivator, and although for a general estimate we 
may assume the proportion of cultivated area to be allotted to each unit at double its power 
of yearly irrigation, yet it is evident that the exact allowance to be made should be carefully 
worked out from existing exomples for every tract taken specially in band 

121 The above remarks will, it is hoped, convey an idea of the difScnltv of correctly 
estimating the gross cultivated area which should bo allotted to each well under the 
mixed agiicultuial conditions which exist in the Doab 

122 This apportionment of area is only important so far ns it effects the mean rate 
to be borne by the gross area commanded, and the correct distribution of wells It must be 
remembered that the interest charge is yearly, and that therefore the area yearly watered 
has really to pay the whole interest, and this simplifies the calculation considerably For 
the double cropped a most embarrasmg item of the gross area need not be considered, the 
maximum yearly command being independent of it, and the conslruction rate m consequence 
IS calculated on this area, and I think it will be admitted correctly so 

123 Few except those who have enquired into the history of large heavily worked 
wells can be aware of the compkeated nature of the cultivator’s agreements and arrange- 
ments regaidmg them 

There are two sets of four wells each in Bath Hamirpur, from which no less than 
61 Kachis irrigate, every man having his particular number of hours or days of work 
laid down, which were fixed with reference to the share of cost of construction he or his 
forefathers paid, and so accurately have they estimated the area they can water, that the 
crops arc uniforinly good, although they consist of tobacco and opium, both of which suffer 
seriously from any delay in watering, and these are heavily worked wells with a maxiuium 
unit area — see Appendix VIII 

124 Again in Sitapur, Aligarh, vide Appendix VII , there are two 8-lift wells 
working 28 and 32 head of cattle per well respectively On these all the cultivators work 
jointly together, and actually count the number of lifts made, so that each day’s wo-k may 
bo alike Now every Assami on these wells has a different area at varying distances, and 


*Tn detailing the time rcqaircd to water distant fields they often state double the period required for 
those near tin. ntll, and give the distance as a reason 

f The Eime emps arc often enltirntcd in one Tinagc both wet and dry Fart wet to make a certainty 
of Eomo return from the cattle available, and part dry in hope of rain 
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wth crops requiring different dcplbs, rrnlcrings nnd inlorrals Horr complicated their 
acconnls must be can be imagined, and many other instances could bo quoted 

Cost o! kndMTrdli. 125. Tlie rolatiTC cost of deep masonry or dry brick -stcIIs compared \tilli sballorr ones 

IS great , it is not so in tlic ease of those rvhich are hiicha. The almost rmircrsal rate for 
cscaration down to the mola when wet sand is not met with is Bs 1-4-0, whether the depth 
be 20 or 60 feet, the earth tahen ort is used for Ihexamp, and the explanation of the fixed 
rate IS ample, as oven a CO feet well will not giro sufficient earth for a ramp A special 
class of workmen arc paid 4 annas a day, each to cut the hole in the mota and prepare the 
bottom of the well for the bncket Tins costs from Bs 1 to 3, so that even a GO feet Lncha 
well can be bmlt for Bs 5 if no difiicuUics are met with, and it may last 100 years or moro 
with no repairs but a yearly cleamiig ont 

When wet sand or any stralnm which will not stand withont support is met with nboro 
the mota, a lining has to be added, wliicb costs an nidcfimte sum, varying from S annas to 
Bs 10, and has iisnallr to be renewed yearly In these eases the well fs short lived, and 
in Table A interest is charged on the cost of constrncUon, divided by the average number of 
years wells last in that particular tract 


Costot hncha wells dependent 
cnsnbsoil. 


Weed lined wells. 


Annual diaries 


12C It may he seen, therefore, that the cost of luelia mils is inficcnccd dirertfy 5r, the 
nature rf the sod Masonry mils are praclically independent of the nature of the snb-soil so 
long as ft mota exists , they are sunk rather ea'ie" throngh wet sand than clay, and when 
well hmll require no other repairs than a yearly cleaning oat, their cost therefore depends 
dtrectltf on their depth 


127. Wells lined with wood or other Ecmi-pcrmancnt material arc considered ns , 
kneha, and their cost calculated accordingly / 

The people conslan'lv hnild kneha occasionally dry brick and wood lined, nnd vey 
dom masonry wells, dircetly for irngalion, the reason i» obvion*, as no crop could bear rP 
direct charge dne to a very deep masonry well, but happily the result# of their rclig.['* ^ 
feehngs hero tend to the prospenty of the country 

B — The Annual Charges 

123 These have been referred to before, and consist in — 

(1) Ecncwals or that proportion of the first cost of the well which ilf 

necessary to charge yearly to provide for its necessary re-coustinctioL 

(2) Tlie cost of the lift T 

(3) Bcpairs | 

These rcqnire no farther explanation They vary with nearly every ilass of well, anw 
fair average rates for the interest and nunnal charges combmed will be fonud m Table aL,* 
for each district I 

C — The cost of hjlinp the quantdp of tcater i equired 


castotlifUDg water 129 Tins is a simple matter to determine, compared with the interest charge, for nn 

average number of hour's work in the day (which lias been nssnmcd ft 9 for the calcalatcd 
Tables), a co-cfficicnt can be fixed for any well with its cultiiators and cattle 


VnCKrk dose. 


The mean cost of lifting 100 cubic feet of water from wells in the Boah is 0 454 of an 
anna,® and this has been determined by measnrmg the quantity lifted daring the whole day 
from more than 130 wells distributed over a large area It vanes n'ltirally a good deal 
with difilrent class of cnltivators bnllocks and wells The full details of experiments will 
be fonnd in tbe Tabular Statements, and it is cettamlv remarbahle to note how similar the 
results are, within certain bonndnnes which arc roughly defined by tbo various distncts, 
and tbis shows the great errots that may ho made by predicating any general prmciples 
from purely local cnqnmcs 


ioO Tbe work done by any number of bnllocks or men at a well is made up of fric- 
tional resistance overcome, water, and dead wcignt lifted, the rcsnlls of the day’s work is 


• CatQs Lagor = 0 314 
Jren „ SS0G24 
Cs.Ue Kill = 0 330 


Hen PlicnUi = 0 ]S3 
a Aall =s 0 IC; 
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given for cncli well in Talilc E , fiiclion having been neglected, for it is difficult or impossible 
to estimate accnrntcly, and the resistance due to it is so mucli effected by the quantity of ^ 
lubricating material applied to tlio pulley, that its admusion into the calculations might prove 
a source of serious error 

From the work column in Tabic F. it will bo seen that the percentage of— 

Useful work. 131 Useful tcorl — decreases directly with the depth to water surface with cattle , 

increases directly with tho capacity of the lift. 

Is a roaMmmn with Dhenkhes and Bdlis, in which there is no loss but fnclion, and is 
not much effected by tho depth in the caso of coolie lifts, as men turn quickly 

Tolatwork. 132 The total icorJs done per head * — Is a maximum with cattle woikmg Kill, vide 

Ko 4.92, where S 0G4 foot tons per minute wero lifted 

It IS a minimum with hired men working a Dhcnkli, vide No 501 

Decreases as the number of cattle on each lift arc increased, (but cost also decreases.) 

Is practically identical for men working Lagor, tho actual figures for the five wells es- 
penmentod are— 


Ko of men. 


Depth to 

Foot tons per head 



water sorfacc 

per minate 

G 


SI 

0 487 

G 


So . 

0 488 

6 


30 

0 472 

8 

* 

17 

0 440 

7 


38 

. 0 477 


Some of these men were lured, some homo labor , the agreement in result is ennons, and 
one ton lifted G inches high in ono miuuto may be taken as the maximum work a man 
can do at such labor 


The foot ton tho eo efficient 


133 Tho foot ton per minute is the co-efficient of the well, and is a moro convenient 
figure than tho actual horse-power whicli, however, can be approximated by dividing it by 15 
The mean weights of the various sizes of lift used, Lagor and Kill, are as follow — 


Up to 2 cubic feet, 14 lbs 

2 „ 8 

>1 

,, I® „ 

8 „ 4 

)l 

„ 20 ,, 

4 „ 5 

)) 

» 24 „ 

5 „ 0 

V 

„ 28 „ 

6 „ 7 

If 

„ 32 ,, 


This IS including the nag, which increases tho 
pioporlional weight of the larger lifts, as it is then 
usually made of iron The following formula was 
used m working out tho woik done — 


H ht of lift X ^CaliicIcethfteAxC2 33 4-Ko of lifts (weigbiothltd- ^ 


Xio ot cattle or men k No of mmates x 


f 


Tlie height of lift taken is the maximum, as it is from that depth the water is drawn 
A over the greater part of a day’s work The result of the formula is not strictly accurate, 

but very nearly so 

Depth of watenne 134 The depth of water given to the various crops is shown in Table E , it was obtain- 

ed by dividing the number of cubic feet lifted during the day into the area irrigated during 
the same period, and os far os its useful effect is concerned should be reduced by the loss 
from percolation consequent on the length of the water-course 

Considering the extended area over which the observations were made, and the varia- 
tion in climate ond soil, the depths ogreo so far as to show a marvellous knowledge of his 
bnsmess in the Assami, who it could bo wished would display a similar care when dcalmg 
*_ with canal water 

135 With regard to soil, it is probable that the rate of evaporation is the principal 
Bow vMied bj toiU factor that dctcmuncs tho quantity of water giicn As the depth of damp is greater in 


* CatQc or men 
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Band than in matt/aror dumat, so presninaTilr the evaporation, is slower I failed, however, ti 
gather any subsUmtial fact- showing iliat any difference is made in tho quantity given ti 
the different soils hy the Assami The amount is so much more varied by the disturbing ir 
flncnces of cost, depth of well, distance of field, quality of cattle, climate, £.c , Ac , thaY 
role will with great difficulty be discovered, and cattle or men bo of but local applicalioil 

I 

The depth and nnmber of waterings given in the Tables ore those for a rabi season < 
deficient rainfall after a good Lharif, and 1881-82 was an cmmently favorable year fc 
observation 


Mesa depths 


Sabsiduiy crops 
Depth of damp in soil. 


Deeo ploogbing 


labor rates. 



Itet nies per crop 


ISG. The following may he taken ns a fair average of the depths given m feet 


Crop 


First 

watenng'' 

Aflcr 

watenngg. 

"Wheat, 


. 2500 

18G0 

Barley, 


. . ISGO 

18G0 

Tobacco, 

• • 

18G0 

1250 

Opium, ... 

* • 

ISCO 

1250 

Carrots, 

• 

ISCO 

1250 

Potatoes, 

» • 

•18C0 

1250 

„ m ndges, 


1250 

0930 

Gardens, 


0980 

0930 

Sugar, 

. 

, . 2500 

2500 


137- Subsidiary crops arc usually given the watering required by the major crop 

188 Tho depth of damp occasioned by n watering ippeirs to be more affected by th 
depth, of ploughing tlian by the percolation power of the soil, cveept in very sandy tract! 

139 The ndvantiges of deep ploughing ns a water Teiaimng messnro is here patent 
and this perhaps tends to csplam why sandy soils have fewer waterings than those of 
a more chtycy nature 

140 The labor rates diarged have been already remarked on, they are as follows — 

f to cover share of pnrclissc 
3 annns per pair, < „ „ renewals 

( „ „ food while working 

actual rates paid vaiying from 3 annas td C pies 
one anna per day, deducting one man from the total number 
employed during the day 

Bulloch — ^Tlns rife can scarcely he reduced it, however, scnonslv influences tho 
relahvc cost in dk'tncts working bad cattle The charge for good bullocks shonld really 
be raised, but it would have caused much complication in the calcnlations 

Mome lalor —A man can live on less than ono anna a day, bat the work is very heavy, 
particularly coolies working Lagor 

141 Tlie actual and mean rates are worked out in Tables G and H , and the following 
rates may be taken as repiesentmg the net outlay incurred over the Doab 


BuUoeJs, • 

Coohe lalor Tnnd, 
Labor home, 


Crap 

Rs 

As. 

Crop 

Bs. 

As. 

"Wheat, 

8 

0 

Carrots, 

10 

0 

"Wheat and barley. 

. . 7 

5 

Peas, 

2 

5 

Wheat and gram, 

7 

0 

Oats, 

.. 10 

0 

Barley, 

. 6 

0 

Opium, 

. 13 

0 

Barley and gram, . 

. 5 

0 

Tobacco, . . 

. 15 

0 

Barley and peas, . . 

5 

0 

Potatoes, . . 

• . 12 

5 

Safflower, 

.. 4 

0 

Garden, 

. . 12 

0 

Safflower and carrots. 

.. 6 

0 

Suga'-cane, 

• 12 

0 

Gram, 

.. 2 

5 




The above rales only cover cost of food for labor 


iba Dhenkli end 142 From the calculated rales it appears that the Rati is the most economical, and 

coolie Lagor the dearest method of msiug water, but it is necessary to note that m a single 



Hitte loircr than tho<o cal* 
enUtcdby Major Lnhrac 


Comparison mth canal rates. 


Hole for ealenlating mean 
rate of rvatenog 
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Tati or BlienUi two persons nre cmplojcd, and that otring to the principle of cnlnding one ^ 
person on each rrcll from the calculations of cost, only one person per doj is charged, 
and at one onna, ns Dhcnkli and llalis arc almost umrcrsally trorhed by home labor. If 
hovrever the cost of lifting by these methods is cren doubled, it will still be cheaper tliau 
any oth^r system for the some depth, but it is very slow, and when the number 
of lifts IS increased the area of land taken tip is considerable, ond if ciiltnrable its ralnemust 
bo added. The loss from percolation, also duo to scTcral small water-courses, would 
be greater than in the case of a churns well. 

113 These rates arc considerably below that amred at by Major Erskinc, the 
Secretary to Goremment, Otidli Ecrenne Department, in office memo No 2252, dated IGtli 
Angnst, 1831 , and the dilTercnco is diio to the assumption of lower labor rates, the now 
known rcdnction in quantity of water nsed for secondary irrigation, and also the marked 
variation m quantity which difTcrent crops arc gnen 

144 That these rates represent outlay similar to the octnal cash paid for canal water 
there can bo little doubt, and the comparison of rates is iiistmctivc, tide Appcndii:XlI 

1 15 The total charge for tcell irrigation per acre — ^Tlio actual total charge for each 
crop ciiltiratcd during the rabi on every well experimented on is shown in Table G , and in 
the Abslr,act the mean rates for each district , these rates are at their lowest point, when 
150 or more days arc required to irrigate the rabi area, and therefore in consulting the 
record for fair rates such examples should be examined. 

There 15 no difficulty in working out from the tables the maximum rabi area for any 
Well for which the crops to be grown and the quantity of water which can be lifted each day 
arc known 

It will be seen from Table B. that, excluding the northern distncls, a larger vancty and 
higher class of crops are irrigated in good Kill than in Lngor tracts, and the extent of rabi 
area will bo modified accordingly 

lie Taking the percentages of crops given in Table B. and the mean work from Table 
r , the mean rates for each class ond lift can be obtained by multiplying the percentages of 
crops by the number of days required to water an acre of each, and dividing the total by 100, 

•we thus gel the number of days required to water an acre of the avenge crop, and this figure 
divided into 150 days will give the rabi command By adding 50 per cent we have the 
maximum area which can be yearly irrigated in the kharit and rabi, and the following 
Table gi\ cs the figures for the different districts and classes, and also the cost at cultivator’s 
rates for a suitable well, when the mota con easily be reached It is evident that highly irri- 
gated crops should pay a larger share of the total rate, but for general purposes it may be 
equally divided. 
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Ta-bt.t. K —Maxtmvm area uhdi can he yearly tmyaied ami Interest Bate 
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Hoxnnni ahea. 
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Distnct 

Qass. 

Xdbor 
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S 

V 

c 

Itemuks. 




£ 




e 
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o 





S 

c« 

e> 

p 

Sn 

5 

3 

H 

w 

o 

o 

p. 

ts 

e» 

»• 

< 
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Total 

^ s 

« s 

K 

s 

•i 

"o 

EH 

9 

p: 


Corraporc, . . 

Lngor 

Cattle 

47 


25 

7 5 

2 

15 

285 

5|- 

290 

14 3 

'l4/- 

28 3 

1 9 

All crops 

Hamirpnr, . . 

If 

31 

40 

H 

2'1 

C3 

o 

12 C 

250 

6/- 

2S6 

1 12 S IS,’- 

25 3 

B 

ft 

farahhabad, . 

ft 

It 

47 3 


30 

90 

1 

00 

220 

3|- 

223 

^12 81- 
1 

19 2 

21 

11 

Matapnii, 

•1 

33 

20 

7s 

3 75 

1123 

2 

22 5 

ISO 

6;- 

156 

78 

>«- 

24 8 

2 1 

ft 

£tab, . 

31 

31 

17*8 

53 

2 85 

7 95 

2 

15 9 

140 

O'r 

14C 

73 

10/- 

23 3 

1*5 

n 

Shahjabaopnr, 

31 

11 

34 5 

71 

3 55 


1 

10 Co 

170 

3/> 

173 

87 

9/- 

17 7 

1 7 

f> 

Lucknow, 

31 

31 

31 

33 

165 

4 93 

2 

99 

200 

Si- 

205 

103 

7i- 

17 3 

17 

ti 

Hardni, 

11 

1 

30 

34 

1 8 

m 

3 

ISO 

220 

6/- 

226 

113 

Th 

18 3 

12 

tf 

Sabaranpnr, 

31 

31 

23 

36 

1 8 


1 

54 

130 

3/- 

13J 

67 

a- 

12 7 

23 

Ganicii. 

Shabjahanpnr, 

1 

3Ien 

31 

32 

1C 

48 

3 

14 4 

150 

S’- 

153 

77 

51- 

12 7 

09 

All crops. 

Lucknow, . 

11 

If 

27 3 

37 

1 8 

55 

3 

1C 3 

140 

31- 

143 

72 

51- 

12 2 

07 

11 

Hardui, . . 

11 

I) 

38 

32 

1 C 

48 

3 

14 4 


3/- 

203*10 2 
1 

SI- 

152 

1 0 

ft 

Aligarh, 

Kill 

Cattle 

28 

7 0! 

35 

10 5 

s 

31 5 

240 

7/- 

247 

124 

sol- 

22 4 

or 

ft 

hlultrn, 

31 

It 

Cl 

55 

2 75 


2 

1C5 

SCO 

Cl- 

3CC 

183 

13/. 

33 3 


» 

Elab, 

11 

11 

22 

83 

4 15 

12 45 

2 

24 D 

ICO 

C- 

ICG 

83 

18/- 

2G3 

1 0 

Oa1r tno esani 
pics. 

All crops 

Bnlandshahr, 

1 

" 

24 

8 1 

31 

92 

3 

27 C 

220 

7,'- 

1 

22T| 

11 4 

sol- 

31 i 

1 1 

IMccrut, 

If 

It 

2G 

7 0 

35 

10 3 

n 

O 

31 5 

230 

7/- 

1 

237 

j 

119 

SB 

31 9 

D 

»> 

ilnaafiarnagar,'^ 

11 

33 

18 8 

Ell! 

2 5 

7 3 

4 

30 0 

230 

3.'- 

233 

11 7 

10/- 

217 

0 7 

t Only one os 
{ ample 
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#Calcc1a**il fittrbcA 

Bijnor, 

11 

If 

18 

37 

1 85 

5 55 

4 

22 2 

200 

SI- 

H 

10 2 

0/- 

19 2 

09 

j vO per cent. o« 
\ ^•tcrinSiORiefti 
deuCOpetcent. 

Moradabad, . 

11 

11 

19 



0 73 

2 

19 3 

140 

SI- 

143 

73 

9/- 

1C 3 

09 

AU emps. 

Bareilly, 

31 

13 

38 

3 7 

1 85 

5 35 

1 

5 55 

1 

150 

3.'- 

183 

92 

8/- 

1/2 

30 

If 

Shalijahanpnr, 



CO 

1 0 

05 

15 

1 

15 

3 0 

J/- 

40 

1 

0 2 

11- 

1 2 


Garden kqcbi 
veils. 

ramUiabad, 



18 

14 

07 

21 


21 

CO 

1/- 


04 

1/- 

1 1 

07 

If 

B jnor, 

p; 


m 

00 


1 35 

1 

1 33 

30 

^|- 

m 

02 

1/- 

1 2 

09 

n 

^loradabed, . 


V 

133 

IS 

00 

27 

1 

27 

20 

11- 

3 0 

02 

1/- 

1 2 

m 

ft 

BarcHlr, 

S 


9 

20 



1 

SO 

20 

11- 

3 0 


IJ- 

1 2 

04 

IP 

Uardui, 



10 

40 

1 

1 

1 

GO 

40 

1|- 

50* 

0‘3 

1/- 

1 3 

02 

ft 
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Cost of imgation for standard 
crops 


Valne of prodnce 


Opinm. 


Table K sho;7S also the incidence of the annnal charges per acrcj hntitisendentthat 
these figures are the very lowest that can possibly be worked to nndet the most farorable 
conditions. 

147 For purposes of comparison the total cost of irrigating one acre each of wheat, 
opium, and sngar are gircn below 


Table L. 


District 


Wheat 


Oram 

SnoAB 

Remarks 

s : 

1 

8, 

Men 

Dhcnkh 

s 

«• 

ts 


1 

C8 

B 

c» 

Dhcnkli 

e 

fS 

td 

Logor 

Men 

s 

s 

o 

s 

Si 

*«9 

Cawnpore, 


11 9 

•* 


• • 


^4 9 






• 



Cm 

o 

Hamirpnr, 

•• 

10 2 




i 

14 7 


• » 


» 

16 0 



« 

I* 

















a 

Farukhabad, 

•«» 

126 


46 



16 4 

1 • 

58 




• 

• 


& 

















o 

Mainpnn, . 


8 1 

i 




158 

• 


• • 


12 3 


• 


r3 


















Etah, 

75 

12 8 




115 

19 4 




9 0 

15 5 




<s 

Aligarh, . 

76 



! 


15 7 



• 

• 

• » 



1 


§ 

to 

Muttra, 

10 7 



i 

I 


1 

• 


* 

» 

1 




• 


ts 

bO 

















c 

Rnlandshahr, 

90 



1 

• 



1 




11 1 


• » 


• 



















Meerut, ... 

80 

• • 





! 


» 


144 




c 

CM 

o 

















M 

Muzatfarna- 









1 







-2 

gar, 

81 

• • 

• 





• 



12 2 





a 

ts 

Saharanpur, 


, • 


* 


15 3 


• 




• 



* 

o 

3 



! 














O 

Bijnor, , . 







• 

• 



97 

• 


69 


to 

Moradahad, 

35 



15 






• 

93 



45 



















o • 

Bareilly, . 

60 




2 1 




• 


• 




• • 

“ g 

















£*8 

Shahjahanpnr, 


37 

40 

2 0 

19 






• 

5 7 

7 1 

40 

28 

g OC 

















Si 3 

Lucknow, 


171 

7 7 

• 


» 

218 

97 



• 

27 0 

10 8 



u ^ 

















© 

Hardui, 



80 

23 

27 



11 1 

35 

4 1 



26 0 

77 

93 

H *1 







1 












148 Great diCBculty has always been fonnd in estimating the gross produce of an aero 
of any crop, and eren when fonnd, it is sometimes impossible to Ss tbo ralao accnrately 
The subsidiary crops often giro more profit than is generally tbonght, and indeed it is hard 
to understand how the Assami in some districts continues to farm unices the gross outtum 
is much greater than existing statistics lead ns to suppose 

149 Tlic Opium Department Administration Report of 1880>81 gives the average 
produce per beegah for 1880*81 at 4 seers 3^ chittacks, this equals C 75 seers per acre, 
and at the value given, i e , Rs 5 per seer, equals Rs 33-12-0 per acre, and the minor pro- 
fits will probably bring this up to Rs S3 Deducting the greatest cbaigc for watering 
this, leaves Rs 20 to cover rent and cultivation 

150 Mr W Cxooke, C S , the Manager of the Court of "Ward’s Estate, gives the 
following as the ouUnmof wheal in 1880-81 from an actual wperimcnt. 
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■Wheat 

Total 

area 

aoTm. 

Total 

yield 

la 

clu 

produce 
per acre 

m. a. ch. 

Remarks. 

* 

Canal groin, .. 

7 64 


19 

0 

15 

31 

0 

■Well onttnrn best, bnt crop MnsafiTaT' 

„ bhnsa, .. 


178 

m 


23 

16 

0 

nagar irhite wheat showed a stronger 

"Wells gram, . . 

623 

111 

32 

8 

17 

88 


tendency to revert to the local type 

„ bhnsa,.. 

1 

164 

0 


■ 

1 

I 

with well than with canal water. 


The Talne of this piodaco is probably not onder Bs 26, vhich leaves a margin of 
nearly Bs 20 as in the case of opium 

c. 

151 The 'value of the sugar crop vanes greatly according to the class of cnltiva* 
tion. In Lnchnoir and Hardm the crops exammcd ircre fine eating cane, \rhich explains 
the high cost of irrigation, and at the average rate from even moderate crops, there mil 
Tcmam n large margm to cover cnltlvation and profit, tide Shnhjahanpnr Settlement Beport, 
sec 11, para 37 








EXTENSION OP WELL IRllIGATION. 


A rate of R< C nccmtuyto 
coTerinUrest on conttrocbon. 


Tlie calenUted area n maxN 
Dam. 


PereolaUoa wclla eosU; to 
tnlsate ftom. 


Cairnpm Trella. 


Moniabed mils. 


Tntareating asasoientiBc ex* 
ipetimeDt. 


152. From (Iio cntculntions nrliich Iin\o been mndo of Iho cost of irrigation from wells, 
tlio rcsall arrired at has been that n nito of Its 2 must bo clinrgcd on tlio maximum area 
irrigable in the year, to co\er the expenditure on construction under the most faTorablccon* 
dtiions, and that tlio cost of the food consumed by the labor employed to fully water any 
crop will amount to about 80 per cent of its gross Tnliic 

158 Tlic maximum area as calculated is certainly 100 per cent over tbo ascrago ar> * 
rived at in practice , tins is evident from the areas slionn in column 35,* Table A, and from 
llie figures Kindly collected for me by Mr A Harrington, 0 S , tide Appendix IV , where tlio 
average of 3,71 Clifts gives 3 acres ns the menu nrei irrigated in the rnbi, and 5 acres ns the 
maximum area irngnblcin the year. Tlio nctinl area irrigated in the year being only 8 21 
acres, and this m Ilni Bareilly, where tho motn is plentiful and tnccavi advances have been 
freely taken. It is cv idcnt that there is no room for cxponiiion in these figures. Well, unliko 
canal irrigation, is not clastic In famine years the possible area from wells is reduced by tho 
weakness of the cattle and men, the increased depth and number of waterings required, and 
the diminution of tho supply, while canals being snow-fed, tbo supply is increased by drought, 
and the area by the greater caro taken with distribution, wc linv c nothing therefore to hope 
for from an increase in area, and it is clear that purely hired labor cannot be extensively 
employed, for not only would the cost of irrigation be enormously increased, but the daily 
work done would he reduced 

1S4 Percolation or wells with a bod supply arc not only in general more costly to 
construct, hut much more expensive to irngato from than mota wells All tho calculations 
of work have been made on the assumption of a good supply being available, the qualifying 
factor being the power of the men and catUo If, however, they havo to stop constantly to 
allow tho supply to nccnmulato m tho well, the .amount of work they can do in the day will 
bo lessened 

Well construction by Government connot, I think, be successful in tracts in which there 
are cither too great or too few focilities for irrigation, and unfortunately the districts first 
selected for expenment saffer doubly on theso accounts 

105 In Ghatampur, Cawnporo District, the depth to water surface is GO feet, 
this limits irrigation to tho most favorable soils and crops, and increases greatly the chorgo 
per acre due to construction, and close to the wells which have been built, costing obont Bs 
250 each , good kucha wells, costing Jls 15, and giving an equal supply, are not impossible. 

ISG In Moradabad exactly opposite conditions prevail — water is 10 feet from the 
surface, and the mota, though not unknown, is very scarce, owing to tho climate , however 
imgation, though desirable in ordinory years, is only absolutely necessary for a few crops, 
and a limited number of watenngs is given It has been shown that tho cost of irrigation 
by Dhenkli and Itdtis from a depth of 10 feet is much cheaper than by cattle from a depth 
of 20 or 30 feet, and it appears quite certain that tho wells now being bnilt, except when 
on tho mota, will not give a sufficient supply for cliurrus working until tho water surface 
hos been reduced to 25 feet to give the necessary head Tho yearly command of area in 
Moradabad may certainly be fairly fixed at a higher figure than in Gawnpore, as a loss 
number of waterings is necessary, bnt the cost of the wells is also greater, and the charge 
for an annual Dhenkli well is insignificant Both classes will suffer in drought, the ma- 
sonry well probobly the most, as it will give no supply at all if the snb-soil surface falls 
considerably, while Dhenklis and Batis can bo worked up to 25 feet Wo must, therefore, 
look with diffidence for favorable financial results from these expenments 

157. Tbo Moradabad wells are most interesting in an Engmeenng sense, for except 


* Cblnmn 86 shows tho area lU acres per lift, and in many instances two Of three nnits or pain of cattle 
are used per lift , this is noted in the colcmn of Bemorks ^ ' 
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in tlie few instances when a clar or knnKnr layer has been raet rith, the cylinJers rest cn 
pure sand, from which, as before noted, it is impossible to directly draw water withont iBjoqr 
to the well 'Wood and iron pipes from 3 inches to S incncs diameter hare been sunk to 
depths Tsiying from 10 to 80 feet below the bottom of the wells, but except in one or two 
instances without meeting with any mola 

Three main experiments hare been made — 


If* — With the pipe head resting in sand, the well haring so bottom Dcptlicf 
water z= 20 feet, 

i 

2»‘d —With the pipe head resting in ballast, forming a permeable bottom loth 
well, which aamitlcd of supply both from the area of the bottom of the 
well and from the p.pe Depth of water =10 fect- 

3rd — ^With the pipe head embedded in concrete, forming an iapermcaHe bot- 
tom to the well, all the supply had to come through a pips 5 inches 
infernal diameter Depth of water = 10 feet 


The first experiment was made on a niimhcr of wells, and resnlted ia a rsp d exhans- 
tion of the water, the sand rising sereral feet into the wells cassmg the cylinders to »rt»V. 

The second experiment gave similar remits. 

The third expenment wascarried ont on the Chak Dhneowne a 2-lifl well On the first 
two days water snSident fo* one lift was obtained wiihont injair to the well, Lnt not until 
the surface had been reduced ahont 12 fee* On the third and following days, when work was 
stopped and the water was allowed to nse in the well, a sand discharge took place from the 
pipe, which had remained clear dating the day ♦ Fall reports on this experiment Lave not 
yet been receired, and it may be possible to form a pocket of ballast at the bot*om cf the 
pipe which would stop the sand draw but a largely increased supply cannot be antTdpated 


Appendix IX gives the progress of the wdls under direct constrnclwn by Gonre*nmenl 
np to the 11th May, 1832 


The expenments might jndic’onsly hare been confined to one or two wells until tie 
possibihty of constraction in such a position had been demonstrated 


Extecare projects uo* adns- 
aHe. 


The bca* itngeticn in Caaal 
ihsinets. 


158 Great care must, therefore be exercised in the selection of suitable ales, and 
all natural advantages secured, and this I fear will senonsly prejudice the chances of the 
snccess of any large project. "Well imgat’oa has been ptaclipd for such a long period, that 
the people have already extended imgatica to very near the natnrhl limits of “ avmlable 
labor,” “ necessity for water/" and * the power of obtaining it cheaply " A carefnlstndy of 
the statistics in Table A. will show that the percentage of Gie cnltivafed area imga'ed in 
tracts of equal demand very fairly corresponds with the opportanities of obtaining the 
supply, and I fear all that we can do with a prospret of financial success is to fill np the 
gaps that remain, and above all attend fo the repairs of 'Kcisfing, though injured, weHs, 
which very often only need the necessary too's, advice and a small advance 

159 Excepting Muttra, where there are strong indicat ons of eiihanstion of the sub- 
soil supply, the best well imganon occurs curiously enough in canal districts and I thmk 
the explanabon is to be found in the increased prosperity of'the people which enables them 
to keep better cattle, and the tracts in which the snb-soil water levd has been raised by 
percolation from the canal offer the greatest advantages for Weil extension I hare not as 
yet been able to get the agncnltnral statistics of the villages m the Aligarh District 
recently debarred from canal irrigation, but I am confident it will be fonnd that they have 
even now, very nearly as laige a percentage of irrigation from wells, both new and old, 
as they had formerly from the canal, and this wxlhont advnnfces t 


Tracts with arfaBcial high 
weisr smfacelhe best f<r Gor- 
cnusBit mils. 


180 There are many advantages gained by selecting such tracts for weDs , the water 
is neat the surface, money and cattle plentifnl, the best possible drainage ^tem'is adopted, 
and the canal supply can be ctlbaed in places where it is more needed. 


• This nsnltis very enrioas. 

1 Since teeelwa, ri* ^epcais n. 
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The Bnlandshehr Distnch 


Advances. 


Eovr best made. 


'KMra -wells. 

Ejnnes. 

, t 

Decrease in caltorable area 

Extract from Drary 
Apology 


IGl Tho Bnlandsliahr Distnot also oJfors facilities for extension of Tfell irngation, 
particulailj in those parts of parganas Aliar, Sliihaipnr, Snhana and Annpshahr, to irhich 
the canal docs not reach , the niota is scattered, bnt suitable positions for wells will be found 
in most Tillages , tlicro is plenty of good dimai soil, tho best for the purpose, and the exist- 
tng in igation is high class Mr S Growse, G 8 , the Collector, kindly obtained tho statis- 
tics of the worst villages for mo , they are too Tolnminons to be put up with this Beport, 
but Mill bo forwarded to the Director of Agriculture separately , 

162 Direct Gorernment agency being deprecated, the arrangements for advance and 
recovery of the interest become matters of great impoitance Zemindars do not care to 
take advances, even if anxious to improve their estates, for they, like Government, are not 
certain of financial success unless they are self-cultivating, and advances cannot bo made 
to individual tenants ^or want of security 

163 But wc find few wells worked by a single cultivator , n community is more stable 
than an mdindiial, and if joint agreements, fixing shares, <Lc , between the Zemindar on the 
one hand and the cultivators interested on tho other, were arranged by the advancing 
oificer, tho Zemindars in most cases would give tho required security, particularly if the 
interest were not payable as such, bnt ns a fixed charge per acre on the land benefited, 
the advance being regarded ns what it truly is, viz , sunk in the ground for its permanent 
benefit 

t 

164 The water of certain wells is bitter, called Lhdra, which is caused most probably 
by Eoluiion of salts m tho soil, ns such wells are only found in certain locahties, notably 
Muttra Tho water of these wells is said to be good for the rabi, if rain also falls, but not 
alone, not good for mdigo or cotton, but it is always prefcried for tobacco 

I 

165 With reference to canals, attention may be drawn to the great importance of 
Kyaries, the compartments into which the field is divided, and oh which the whole system 
of distribution depends The quantity of water used for imgntion per acre by canals is 
three times as great as by wells, and a strict adherence to Kyaries should result in an enor- 
mous extension of area 

166 Another point of consideration is the power canal water possesses of bringing 
cnlturable land into cultivation, very poor land will often not repay the cost of well water, 
but the charge is so low, that when canal water is newly introduced into a village it has a 
strong tendency to lower the percentage of cnlturable area, if properly distributed, vide 
Appendix VI 

I 

167 A general account of the villages visited is given in Appendix X 

168 In conclusion, I trust that the imperfections and length of this Beport will be 
forgotten m tho interest which attaches to the subject I may add that the letterpress is 
chiefly explanatory of the Tabular Statements, (which should be studied as containing a 
careful abstract of aU the mformation collected,) and is no index of the labor bestowed on 
their preparation 


Naihi Tal, 
litk August, 1882 


J CLIBBOBN, Cam, BSC, 
Executive Engineer 
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IRRIGATION FROM WELLS IN NORTH-WEST PROVINCES AND OUDH. 
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NOTE 


ON THE 

:0NSTRUCTI0N OF WELLS ON THE AWA 

ESTATE. 

BT 

W. J. WILSON, 

EXSCXmVB ENGINEEB, DEPABTSIENT OF AGKIOHLTHKE AND COMMEBCE 



KOTE OS TKE COSSTSSCTIOS OE WELLS IS THE 

AWA ESTATE. 


T^o parts of Iho Arra ITstato— Loth in Uio Clnh Distnct-~haro been selected by Ur 
Crooko for the purpose of commencing a systematio eehemo of rrell construction One is 
part of the Jaithra Circle, situated in the Aramnngar Pargann betireen the Kdli Nadi 
and the Bnrhgangn The other is the Klmdjapnr Circle, in the Jnicsnr Pargann betireen 
the Domana and Sirsa Nadis Tlio conditions of ircll construction in the two tracts being 
very ditTcrent, I propose to discuss them separately under the following heads — 

1 Dcscnption of the wells now used 

2 The area irrigable from a well 

S The cost of irrigation 

4 The construction of masonry wells. 

5. Tlie cost of masonry well* 

C Peport of work dono and in progress 


JAITHRA CIRCLE. 

I DESCRIPTION or TOE WELLS NOW USED 

2. Two Plates arc attached showing tho villages in the Jaithra Circle in which wells 
arc being made. Plate A’b I , which is compiled partly from the Aliganj Tnhsil Map and 
partly from n tracing kindly supplied by Major J. 0 Ross, R E , sliows tho position of 
the Tillages with respect to tho Fatchgarh Branch of tho Lower Ganges Canal and tho 
Canal Distributaries 

A drainage line passes from tho villogo Faclihcnda Pahilrpur to tho north of Dbdmn, 
throngh Jaithra and Khiria Lagar Sahai to Targawan, and thcnco vid Jamlapnr into tho 
Edit Nadi The country between the dramngo lino and tho Edh Nadi is partially irngated 
by n system of distribntancs of tho Fatchgarh Branch of tho Lower Ganges Canal 

The tract between tho Targawan drainage lino and tho Fatchgarh Branch is not to be 
irrigated from tho canal at present, but it la probable that tho land between the canal and 
the largo dhdk junglo will bo ultimately irrigated Throughout this tract the drainage 
depressions are very marked, but during tho rams the dramngo lines consist of a senes of 
jhils separated by necks of higher land Dunng heavy rain tho water flows along the 
drainage lines from one depression to another, bat after a few days tho flow ceases and the 
jhils remain full The soil is generally Ihur or light dumat The surface of the ground is 
nneren, and the ram water collects in numerous small hollows 

Owing to theso circumstances a largo proportion of tho rainfall sinks into tho ground, 
and at the end of tho rams tho depth to the sub-soil water from the surfaco of the ground 
IB from G to 8 feet, except m sand hills and locally high places In the hot months water 
IB usually found from 10 to 12 feet below tho surfaco of tho ground, and the villagers say 
that in a year of drought it falls another 5 or 6 feet 

Well irrigation is very general throughont the tract, and helps to lower the level of 
the Buh-Boil water m tho rabi season The introduction of canal irrigation would reduce 
the area irrigated from wells, and diminish the quantity of snb-soil water removed by them 
There is no donbt that the tract has been rightly debarred from canal irrigation 

3 In Plate No I the debarred tract is colored block, except that part of it which is 

B 
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included in llio Awn Estate, whicTi is colored red The Estate villnges nrc sliown on a 
larger scale in Plait Ifo II. 

The whole of Bobgon, Qhgra Bhamoro, and Mahaja, abont thrcc-fonrtbs of Jaithra, 
and half of Khina Lagar Snlini— or about 7,500 acres— are without canal ungaiton 

4. The land of these Tillages is divided into two tracts, which may be called— 

(i) , the spring well tract, and 

(ii) , the percolation well tract. 

In the former sprmg wells .are easily made by the villagers It includes a few fields 
in Jaithra, but is duefly m Bahgon (Plait ITo n ) 

In Jaithra there is one masonry well bmlt by a cultivator, which reaches the spring 
Another well has been sunk, but the “mota" has not been pierced During lost cold weather 
one kucha sprmg well was used for irrigation. 

In Bahgon during the last labi C pucka spring wells, working 14 buckets, and 2G kneha 
spnng wells, working 39 buckets, were used for irrigation 

In Ehina Lagar Sahni, Tigra Bhamora, and Mahaja, there arc no spring welb 

5 The soil sections in tho ^nng wells in Bahgon vaiy considerably, but as a rule 
there are from 4 to 9 feet of a sandy loam, called Mtca, above the day In some wells there 
is no Idwa, day being found at or above the percolation level In others there are two 
distmet beds of lelwa separated by a stratum of day. 

It IB necessary to sopport the sandy loam by coils of interwoven twigs of arhar, cotton, 
or dh&k, and the villagers say that they cannot make a kucha well if this stratum is more 
than 9 or 10 feet thick, as the pressure causes tho cods of twigs to bulge inwards 

The thickness of the mota is said to vary from G to 18 feet, but in some places it is 
so thick that the villagers have been unable to get through it to tap the spnng 

G Tho life of a kucha sprmg well depends on the nature of the upper soil, the 
thickness of lelwa and tho rainfall It averages from two to three years 

The cost of the wdl depends on the thidcness of the bed of lelwa, which must be sup- 
ported by coils of twigs , and on the thickness of clay, which must be dug m order to get 
a sufficient supply of water It appears to vary from Bs 8 to 10 

Some of the wells give enough water for one, and others for two buckets 

7 Tho pnekn spring wells are made of block knnkar or bricks set in mud. On one 
of them four buckets, and on six of them two bnckets, arc worked 

8 In the percolation wdl tract only two spnng wells exist They are in the Jaithra 
Indigo Factory, and were budt some 60 years ago One well, 12 feet in diameter, is said 
to have cost Bs 1,300 , the other, 8 feet in diameter, Bs 850 

liffs. 1 and 2, Plait Jfa IV are sections of the kucha percolation wdls made by the 
Tillagecs hlore than three hundred of these wells were used for irrigation durmg the last 
rabi season 

If the soil IS sufficiently firm the well is dug in tho form of the fmstrnm of a cone, 4 to 
5 feet wide at the top and 9 feet wide at the percolation lord (Ftff 1) If tho soil is too 
sandy to admit of this, the section shown m Fiff 2 is adopted, and the trunk of a lltajur 
tree is laid across the excavation in order to support the woodwork on which the bucket is 
worked 

* 

A cylinder made of coils of interwoven twigs is sunk from 5 to 6 feet below the per- 
colation level 

The cost of making such a well is difficult to ascertain, but the following appears a 
fair estimate — 
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Earthwork, . . . ' . . 

ns 

0 

A 

10 

V 

0 

ns 

X 

p. 

Making 20 to 30 coil of twigs, . . 

. 0 

10 

0 

to 0 15 

0 

Sinking cylinder, 6 to 8 men for 2 days, at Re 0-1-0, 0 

12 

0 

1 

0 

0 

Food for madad. 

. 1 

8 

0 

2 

0 

0 

Total, 

. 3 

8 

0 

to 4 

9 

0 


The Ihdchliis and other small cnltiraiors cinb together to make their yrells, and no 
actual cash expenditure is incurred, but the men who bare larger holdings employ hired 
labor ^ 

There is a good deal of dififcrcnce in the wells Those sunk in coarse sand give much 
more water than those in fine sand The sand that comes into the well is cleared ont 
once or twice a day, and is put on the ledge behind the cylinder So long as a well remains 
in good ordei, the older it is the more water it gives 

The wells are made as soon as the rabi sowings are completed Last year they 
were being made as late as the middle of December Irrigation for the earlier sown rabi 
crops IB frequently required before the wells arc ready, and the labor now spent in makmg 
the kneha wells would be more profitably emploved in irngating from pucka wells 

J 

« The 7 hachhts take care of their wells and sometimes make them last for two years, bnt 

by far the greater nnmber of the percolation wells are used for only one season 

9 There are 18 masonry percolation wells in Jaithra, and on three of them two 
bnckets are worked Some are made of kankar, bnt most are of nnder-humt, wedge- 
shaped bncks set in mad They are 6 to 8 feet m diameter, and have been sunk from 10 
to 15 feet below the percolation level They* are made only m places where expenence 
with kneha wells has shown the sand to oe coarse and to give a good supply of water 
They require to be cleared ont occasionally 

Their chief ad vantage is their durability In a year of drought they give very little water, 
the cylinders not being deep enough 

10 The water lift in general use m these villages is the single bucket with inchned 
bullock run The cattle are worked on the nagaur system, the rope remaining attached to 
the yoke while the bullocks ascend the run The buckets are small, those which have 
been measured containing from 14 to 20 gallons Backets that have been in use for 
some time, and have been torn and repaired, contain much less than new buckets The 
cattle are much smaller than those used in the Jalesar pargana 

To work one backet two men are employed , one to drive the bullocks, and the other 
to fill and empty the backet When two bnckets are worked on a well the bnllock runs 
are parallel to each other on the same side of the well, and one man is able to attend to 
both bnckets, while the second drives the two pair of cattle Hence a considerable saving 
, of manual labor is effected by working two buckets on the same well When four bnckets 
are worked, two are fixed on one side and two on the other side of the well 

The dhtnhU and r&hat, or chatlhi, are occasionally used by Viachhta and smalt 
cnltivators 


II THE AREA IRRIGABLE FROM A WELL 

11 Tables I and II give the area imgated dnnng last rabi by a number of spring 
and percolation wells in villages of the Jaithra Circle The average resnlts obtained are 
at first Eight rather surprising, the area irrigated per backet from spnng wells being 2 32 
acrc<!, while from percolation wells it is 2 82 arres It will bo noticed too that the area 
imgated from the pucka spring wells was only 1 75 acres per bucket, while from the kneha 
spnng wells it was 2 63 acres 

This IS due (,!), to some of the masonry wells being in a bid etato of repair, (ii), to the 

n 2 
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area under tabi round some of the trells being insufficient to keep them constantly at work , 
and (luj, to the cultivated fields being scattered and at a considerable distance from some of 
the Trells There is a good deal of vsar in the spnng vfcll tract, and the water is sometimes 
taken a distance of one or two furlongs through waste land in order to get to afield to be 
imgated 

Li the percolation well tract there is not much nsar The wells are made after the rabi 
sowings have been completed, and their positions are chosen with respect to the fields to be 
imgated The area round a percolation well la compact, and is more easily imgated than 
the scattered fields round a spring well 

12. Tlie villagers say that if a well gives enough water one bucket can imgate 20 
kneha bigahs, or about 4 acres, in the mbi season, and this area was attained on some of the 
Eingle-bncket wells The wells now being made should imgatc S acres per bucket, which is 
very little more than the average obtnmed from the wells on which irrigation was recorded 

13 In estimating the area tmgable from a masonry well, >t is necessary to consider 
the system of cultivation adopted in the fields round the well 

The gmhan lands, which arc immediately round a ^age, often yield two crops a year 

The larha, or ontlpng lands, are sown only once a year, and it is customary to alternate 
khanf and rabi crops An exception must he made, however, in the case of the tarai, or 
low-lyinglands, as, owing to their being under water dnring the rams, nokhariferop except 
nee can he sown m them, and it is a common practice to sow rabi crops in these fields 
every year 

ilaujha lands appear as a rule to be sown only once a year 

14 The land of a village may, therefore, he divided into two classes — 

A Fields in which rabi crops are sown eveiy year, compnsing the gnnhan and tarai 
B Fields in which rabi crops are sown every second year, comprising the rest of 
the Village 

In fields of class A, the maximum area that con be imgated from a well is the area 
that can be imgated m the rabi season, or 3 acres per bneket Bat m fields of class B, the 
imgable area is twice the area that can be irogited in one rabi season, or 6 acres pet bndket 

It IS assumed that the cnltivation round a well m the outlying lands is so arranged that 
half the land is under rabi and half under khanf crops m each year If the whole of the 
land IS nnder khanf one year and under rabi the next year, half the irngatmg power of the 
well will be lost, as the well will only be worked denng every second cold season , 

15 The irngalion of khanf crops is not taken into account, but it will be seen that this 
does not affect the resnlt In the ganban the fidds which are irrigated dnnng the hot 
weather and rains are also irngated in the rabi season In the outlying lands the fields of 
juar or bajra that may be imgated were under rabi dnnng the precedmg year, and nre 
mclnded m the imgable area. 

Sugarcane is the only khanf crop that rcqmies watenng dnnng the cold weather 
If any fields round a well are nnder sugarcane, the area nnder rabi crops that can bo-irri- 
gated will be reduced, but the total area imgable from the well will not be altered 

IG The best size of well to build depends on— 

(i), the supply obtamable from the well , 

(i ), the relative cost of difierent sizes , and 

(ill), the position of the well with respect to the land to be imgated 

Other things being equal, the considerations m para 14 point to the conclnsion that 
larger wells slionld he built in ganhan and tarai lands than in the outlying lands of a village 
In the latter n fonr-bucket well can irngate 24 acres, white in the fprmer an eight-bucket 
well IS required to imgatc the same area In each case the water must go the same distance. 
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and there will be the same loss m the water-courses Hence, if a four-bucket well is the 
best size for the harha lands, an eight-bucket well is the best size for gauhau and tarai 
lands 

m THE COST OP IRRIGATION 

17. It IS not necessary to consider the cost of raismg the water, as this must be done 
whatever kind of well is used But it has been noticed in para 10 that considerable econo- 
my in manual labor will result from substituting masonry wells workmg 2, 4 or 8 bnckets 
for the single-bucket wells now used. 318 single-backet'wells were worked last cold wea" 
therein the percolation well tract, and two men were required to each bucket If these wells 
were replaced by masonry wells, the labor of 318 men would be liberated, and would be 
ava'lnhle for irrigating the land which is now dry Bonghly speaking, the labor of one man 
for 3 months would be saved for each bucket irrigating 3 acres, or of one man for one month 
per acre irrigated 

18 The cost of makmg a kncha percolation well is given m para. 8 at Rs 3-8-0 to 
Ss 4-9-0, but port of this is home labor, and the actual expense to the cultivator is probably 
about Rs 3 per well, or Re 1 per acre irrigated If the value of the liberated labor is es- 
timated at Re 1 per acre, the total savmg to the villagers by using masonry wells is Rs. 2 
per acre This may be considered a low estimate of the direct gam that will accrue to the 
cnltivator every year from the construction of masoniy wells 

Other advantages are— 

(i) The rabi crops can be irrigated as soon as they require water 

(ii) If there is a long break m the rams the khanf crops can be saved 

(in) In a year of drought the villagers will be nearly os well off for water as in a 

year of average rainfall 

19 If Rs 2 per acre is the cultivator's profit from masonry wells each year his rnbi 
crops are imgatedi this represents his annual profit in the case of ganhon and tarai lands, 
and his two-yearly P™®* outlying lands 

I understand that Mr Grooke has fixed 3 annas per kncha bigah, or very nearly Re 1 
per acre as the general rate of enhancement in the Jaitbra Circle, and the preceding cal- 
culations show that the direct profits to the cultivator, owing to his not having to make 
kncha wells, and to the saving m manual labor, are at least equal to this If the culti- 
vators can pay an enhancement of Re 1 per acre in ontlymg lands, they can afford to pay 
Rs 2 per acre in gauhan and tarai lands 

20 To sum up for the percolation well tract 

' One bucket can irrigate 3 acres of rabi crops m a season 

Gauhan and tarai lands are usually under rabi crops eveiy year The irrigable area 
from a masoniy well m these lands is 3 acres per bncket 

Fields in the barha are generally sown with rabi crops every second year The im- 
gable area from a well in this land is 6 acres per bucket 

Gnltivators can afford to pay twice as much enhancement in gauhan and tarai lands 
as in the outlying lands of a village If the rate for the latter is fixed at Re 1 per acre, 
for the foimer it should be Rs 2 per acre 

In this case the enhancement on the land round a well will be Rs. G per backet for all 
classes of land 

21 I have considered only the cultivator’s profit by the snbstitution of masoniy 
wells for kncha wells But there ore places where the soil below the level of the snb-soil 
water is cither Iclwa or very fine sand, which yields so little water that percolation wells 
are not made In other places the soil above the water surface is so sandy that kncha wells 
arc made with difficulty, and are too costly to prove remunerative These lands are now 
umrngated, and shonld hear a higher rate of enhancement than fields in which kncha wells 
are easily made 
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If tlia Burface soil is san3j the urea irngable from the rrell shodd be reduced from 6 
to say 5 acres per bucket in the ba'ha, and from 3 to 2| acres in the ^aahan 

22 As recards the spiing irell tfct Kucha irells cost from Rs o to Rs 10 nod last 

from two to three rears Some give enough water for two buckets, others for only one. 

The annual cost per bucket appears to vair from Re 1 to Rs 3 

Some cnltiratois hare asked to have wells built m tins trac», and it may he aavisablo 
to make them where the strata of lelwa and clay are thickest' But i» is rarely cspedient 
to construct masoniy wells in lands where kucha spnng wells are cssilv mad* As shown 
■ m para 33, conuil'ions which favor the consltncuon of kneha spring wells may prevent a 
resdly efScient mason’y well being built 


IV THE COXSTRIJCTIOK OF ^SIASOKUT WELLS 

23 The wells in course of consrmction at Jaitbra are of three kinds — 

(i) Spring wells in whidi the masonry steicmg rests oa clay. 

(u) Spnng wells in which the masonry cylmSer rests on sand, and the snpply is 
obtamed throngb a tuba extending from tbe bottom of the cylinder to the 
day. 

pa) Percolation wells which are entirely in send, and the steinmg of winch. 
IS made of bricks laid drr, so that water may Slier thtengk the joints 

The pnnciples which regulate the coastrncl oa of each kind of well may be brieSy 
noted. 

24 Spn-g mlh fn irfuc.’- 'f « irasoaiy »fini>iy rtachf cfoy — Thesa wells obtain tbdr 
supply from a bed of sand underlying an impermeable stratu n b‘'’ow the level of sub-soil 
water It is not necessary that the impermeable stratum should bo continuous over a large 
area, and mstances arc common of good springs beirg obtained by p.ercing a clay Etratom 
extendmg over a few bigbas 

Fig 3, Plate So IT shows a well sunk into clay and ottajiing its snpplv from the sand 
below. As the water in the well is removed, the supply is maintained by water coming in 
throngh the hole in the clay. At &si some «3ud comes into the well with the water, 
and It is probable that a basin-sh"ped reservoir (shown by the dottea line) is foreaed, of 
which the clay acts as the roof The size of the rc'ervcir increases until the velocity of 
the water filtering into it from the sand beromes so small that the sand is not disturbed 

If this explanation of the action in an ordinary spnng 'Tell is correct, it is endeni 
that so long as the clay stratum is of snfiuatnt extent to allow a reservo r to form beneath 
It, and IS strong enough to support the well above it, a supply of water will bo obtained 
without sand coming mto the well 

The term “ mota ’ is applied to the stratum of clay, or of c^ay and kankar, by piercing 
which a snpply of rater is obtained In Majkola a village near Jaithra, there are some 
wells which rest on a stratum of nodular kankar without clay, and which give sufScient 
water for two buckets without sand coming in But it is rare that such a stratum is 
found of sufficient thickness and with the nodules close enough together to form an 
efficient *' mota.” 

25 An ordinary spring well consists of two parts — 

(i) , the mcsoniy cylinder, and 

(ii) , the hole f hicngh the clay 

The masoniy cylinder is simply a astern m which the backets work, and its diameter 
is regulated by the number and size of the buckets Tbe first wells made at Jaithra were 

5 feet in diameter and were intended to work two buckets ^ but it was found that two of the 
small buckets used there could be worked in a well 4i feet in diameter, and that a 6 feet 
well would take four buckets To deade the point four buckets were fitted on a well 

6 feet in diameter, and a number of cultivators assembled to see the buckets worked , they 
deeded that the well was laige enough 
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The cyhnder must be sunk to such a depth that it •mil contain sufBcient •water in a 
jear of drought When a well is worked, the water in it should not fall more fhnti 
10 feet, and if the supply is copious the fall will be much less There should be at least 
4 feet of water remaining in the well to allow the buckets to be properly filled Hence the 
cylinder should be sunk 14 feet below the level of enb-soil water in a dry year. The cnltiva- 
tors at Jaithra say that they have never known the water to fall more t£an 5 or 6 feet below 
the ordinary hot weather level It should, therefore, be snfiScient to sink the wells 20 feet 
below the average percolation level m the hot season But as the water may fall lower m a 
year of drought than the cultivators say, it is proposed to sink the cylmders 25 feet 

26 The spnng is generally tapped by simply piercing the clay But there is some- 
times too great a thickness of clay to admit of this , or, after getting through some feet 
of clay, a stratum of loam, or a thin stratum of sand, may be reached, beneath which lies 
the true “ mota ” In these cases it is necessary to sink a small shaft through the upper 
part of the clay, or through the loam, and to Ime it with hnckwork {Ftg 4, Plate No. IV ) 

27 Spring tule wells — In places where the clay stratum is too deep to be reached 
by the masonry steining, a spring well can he made by sinkrng a pipe from the bottom of the 
cylmder to the clay (Ftg 5, Plate No IV ) 

In order to keep the sand, on which the curb rests, from coming into the cylmder, it is 
necessary to ram a ping of concrete about 5 feet thick in the bottom of the well between 
the pipe and the steining To allow for this the cylinder should be sunk 30 feet below the 
ordinaiy percolation level 

At Moradabad the tubes used in the wells hare been made of gilar wood, which is 
known to he very durable under water At Jaithra all the gulat trees in the Estate villages 
have been out down for making curbs, and there are very few trees available for making 
the tubes It is proposed, therefore, to use cast-iron tubes with spigot and faucet joints 
held together by screws They are much more expensive than wooden tubes, bnt Mr 
Meares reports that he finds great difficulty in sinking the latter through sandy soil 
containing nodular kankar In some of the trial honngs at Jaithra such a stratum has 
been found overlying the day, and it is absolutely necessary to get through it, and to bed 
the tubes firmly into the clay The cast-iron pipes will go through nodular kankar much 
more readily than wooden tubes will, and this advantage may more than compensate for 
their additional cost 

This descnption of well is analogous to the well with the small shaft sho'wn in Ftg 4 
If the mam cylinder of the well is bedded in clay, it is generally easy to hale out the water 
and to dig the shaft , and the masonry linmg is nearly as cheap, and is certainly more 
durable than the iron or wooden pipe But if the cylinder rests in sand, it is much easier to 
sink a pipe through the sand 'to the clay than to sink a small masonry shaft The mam 
cylmder of the well might bo carried down to the full depth of the small shaft or pipe, 
but this would be both useless and very expensive 

28 The diameter of the pipe is a most important pomt to determine 

"When a spring well is worked, the water level falls until the water enters the well at 
the rate at which it is •withdrawn by the buckets The fall represents the head expended 
m overcoming the resistance to the flow of the water , fi), through the sand from which the 
supply IS drawn, and (u), through the well The former resistance vanes with the degree 
of coarseness of the sand The coarser the sand, the more readily will the water flow 
through it, and the less will be the loss of head The head lost in the well may be calcu- 
lated by assuming the water to flow from a reservoir below the clay through the tube into 
the masoniy cistern in which the buckets work The velocity in the reservoir below the 
day, and in the masonry cistern above the tube, is very small and may bo neglected 

The hole m the clay m an ordinary well corresponds to the tube m a deep well, and as 
the diamct'' of the hole can easily be made as largo as desired, and the length is generally 
small, the It. s of head in the well is mconsidemblc, and the fall of the water when the well 
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18 TTorkcd nearly represents tbe head expended in orcrcoming tbe resutanco to the flow ol 
water tlirongb tin, sand below the •' mote " 

Bat tbe following calcnlations show that in a tnbe well tbe loss of head caused by using 
too small a pipe may bo very great — 

Lot V = Velocity of water tlirongb tbe tnbo in feet per second 
h = head dno to the velocity = 

I = length of tnbe in feet' 
d = diameter of tube in feet 

The head lost in the well is expended in three ways— 

1 A portion of head, which experiment shows is cqnal to 0 505 5, is employed 
in overcoming tbe resistance at the lower end of the tnbe 

2. A portion, which is equal to h, is wasted in eddying motion in tbe masonry re- 
sbrvoir at tbe upper end of the tube. 

The loss of heed at tbe two ends of the tube is therefore equal to 1 505 % 

3 The head expended in overcoming tbe friction of the tnbe is cqnal toe 
where c is a co-efficient which has been found by experiment 

Tbe values of these quantities for pipes SO and 100 feet in length, and of diSerent 
diameters, and discharging ^ and i cubic foot per second, arc given in Table lY. 

The values of c are those found by Dari^ for old and incrusted pipes, ond are double 
the co-efficients for new and clean pipes (Unwin’s Hydraulics) 

Experiments have shown that the maximum discharge from a $ feet well worked by 
bullocks may be taken at 900 cubic feet per hour, or 0 25 cubic foot per second , and from 
an 8 feet well at 1,800 cubic feet per hour, or 0 5 cubic foot per second These dis- 
charges are rarely obtained by the villagers If men are employed to work the buckets, 
1,200 cubic feet per boar may bo raised from a C feet well 

It will be seen from tbe Table that a S-incb pipe is quite unsuitable for any but the 
smallest wells 'Wnh a d sebarge of 0 25 cubic foot per second, 4 90 feet of head ore lost 
in 50 feet of 3-im,h pipe wbRe only 1 15 foot is lost in a 4-ineh pipe of the sadie length , 
the difference is nearly 4 feet With a duebarge of 0 5 cubic foot per second, the head 
lost in 50 feet of 3-iach pipe is 19 58 feet, and in a 5-inch pipe of the some length it is 
only 1 51 foot, tbe difference is 18 feet 

The diameter of the pipe should be regulated by its length, and by tbo size of the well 
But it IS convenient to have a standard size, and tbe 5-inch pipe <>ppear8 most smtable for 
' irrigation wells 

With a discharge of 0 5 cubic foot per second, the head lost in 100 feet of 5-inch pipe 
IB 2 71 feet, and in tbe same length of 6-inch pipe it is 1 09 feet The difference is 1 62 
feet. If iron pipes arc used, the difference in cost between pipes 6 inches and 5 inches in 
diameter IB probably greater than the cost of sinking the mam cylinder of tbe well an extra 
2 feet, which will more than allow for the additional loss of head (1 62 feet) caused by usmg 
the smaller pipe 

29 Percolation wells Fig 6, Plate No Y , is a section of the percolation wells which 
It IS proposed to build In the lower 5 feet of the steming tbe bncks are set in mortar , 
above this the bncks are laid dry to a height of 4 J feet This is succeeded by 1 foot in which 
tbe bncks are laid in mortar, this again ‘by 4f feet, consisting of bncks laid dry, and so 
on till the cylinder has reached a height of 26 feet , above which to the top the bricks wiU 
be set in mortar Bie cylinder will be sank 30 feet end a plug of concrete 5 feet in thick- 
ness will be put into it 

80 A paper read by Mr Sntcliff before the Society of Engineers in December 1877. 
desenbes the systems that have been tried ii 
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from tnbe Trells sunk in eand Those irells, commonly Icnoffn as the Abyssimatt tube 
wells,” consist of wronght-iron tubes connected by screwed sockets, the lowest tubes being 
famished with steel points and perforated with holes varying from ^ to J inch m diameter, 
extending from 15 inches to 3 feet upwards from the points. The tubes are dm cn into the 
ground until a stratum is reached that will yield water A pump is then attached to tho 
top of the tubes, and on working the pump water is drawn in thioiigli the percolations in the 
lowest tube and is discharged above the surface of tho ground When the lowest tnbe is 
m a stratum consisting entirely of fine sand it soon becomes choked, and the sand flows 
in through the perforations ns fast as it is cleared out The following extract from 
Mr SntclifTs paper, which describes some of the plans that hare been adopted to overcome 
this difficulty, IS interesting — 

" A tube well was driven at Chislehurst into an extremely fine sand, and it was found 
impossible with the liorse-hair strainer to get any supply of clear water The tnbes were 
withdrawn, and the point screwed off, and the pipe driven m the same hole The 
pump was then screwed to the top of the tnbes, and four or five barrow-loads of sand pump- 
ed np Previously to doing tins, however, six barrow-loads of good clean sharp grit gravel 
were brought to the spot The pump was removed, and down tho tube, which was only 
1^-inch internal diameter, as mncli gravel was forced ramrod fashion as filled np the cavity 
made by the removal of the sand. The open tnbe was then withdrawn and a pointed and 
perforated tnbe driven into the gravel bed thus formed A coarse sand tube was dropped 
into the well to keep back the gut, and upon again attaching the pump the water came freely, 
and rapidly cleared Ftg 7, Plate No Y shows the bed of grai el inserted in the manner 
described In consequence of the success of this well another was sunk on the same estate 
with equally satisfactory results, and these two wells have now been m nse over two years, 
and withm the last few weeks a third has been added At Orpington, in Kent, what 
IB known as a blowing sand was dealt with somewhat similarly Owing to the natnrs of 
the sand a cavity conld not be made m it as in the prevons case A bole 6 or 7 inches in 
diameter was therefore bored and piped down with large tubes, until several feet of the 
qnicLsand had been passed throngh The qnicksnnd was removed from the pipes with an 
ordinary boring shell, and gravel was rammed down, the laigo tubes being gradually with- 
drawn as the work progressed The small l^inch tnbe was then driven into Ibis vertical gravel 
bed ns shown in Fig 8, Plate No V , and a good well made, which gave a supply of about 1500 
gallons per hour Clay was rammed tightly over the gravel to prevent drainage contami- 
nating the well The large tube was entirely dispensed with before completing the work 

“ Another method of mtrodnemg a gravel bed was employed in a dug well at Lewis- 
ham in Kent The dug well became dry last summer, and to obtain a fresh supply a tube 
well was driven below the bottom of it, and water in a fine silver sand obtained Gravel 
was thrown into the dng well, and by its weight gravitated to the spot from which the sand 
was being drawn The operation of pn nping out the sand and replacing it with gravel was 
eontinned until the water became entirely free from sand, and was so plentiful that two 
pnmps were attached to it and the next honse supplied from it ” 

From the descnption of the system adopted at Orpington, it appears that when 
the tnbe was surrounded by a layer of gravel, a discharge of 200 gallons ( = 32 cnbie 
feet) per hour was obtained without any sand coming into tho well 

31 Mr Bull, C K , has bniU some wells ra winch all the bneks from the enrb to 
within a few feci of the ground level are laid dry, and it is said that little or no difficulty 
IB expenenced from the sand coming in tlirongh thejoints The character of the sand in dif- 
ferent wells vanes very much, but there can be no doubt that if the steimng of a percolation 
well can be completely snrronnded by a layer of small matenal, snch as broken bnek 
{Fig 6, Plate No V ) tho efficiency of the well will be greatly increased 

In 1880 two percolation wells were sunk, bnt they reached clay within 19 feet 
of the level of snb-soil water The area of the sntfaee throngh which the water can filter 
IS, therefore, much less than jn the wells now under constrnetion The wells gave snfficiest 
water for one bnoket without much sand coming in, bnt when two buckets were worked (he 
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noils Topully Mltca up Tlio earth round oat of the tfclls era- cleared oal and c trrneli 
shout S feel mde T 7 a« dug round the cylinder to a depth of I foot 0 inthv't h<’off the ji«- 
Lolation level Lime siftings and hroken hncU vre re Ihroxm into tl c trercli at pump 
raising nlinoit as much water ns two small hneket* was workr d fo' a fortnight, when H 
broke down nnd was replaced bj n suinller pinup, vliich was worl "I for two month* The 
icsnlt ros that very little sand came into the well while Iho material in Ike trench sank 
a few inches Had this plan been adopted immediately after the well wr* built, it h pro- 
bable that the broken hnck would have sunk more rapidlv. It will he Ined on one or two 
of the now wells, and if the results are not satisfactory, a somewhat similar plan to that 
desenbed by Jlr SntcliSf as having proved successful at Orpington will be adopted 

A pipe 6 inches in diameter will he sunk about 6 inches from tlm tie, mag to n depth 
of SI feet. Small hnck ballast will he rammed into the pipe and forced in'o the sand at 
the bottom The pipe will be withdrawn and as it ri<es more broken hnck will be rammed 
into It It will be ncccwary to sink the pipe in 12 or 15 placts nt irletvalt of about 2 feel 
round the stciiimg In tins way the cylinder should be cmnjdet'lr Rutrounded by broken 
brick to a distance of from 12 to IS inches , more of the halln*l will Ic filled into a trench 
round the well 

G2 The filter beds generally u*cd in waterworks for the snpply of towns consist of a 
layer of gravel covered with a layer of sand, aad they arc genc'ally dc*igned with an area 
of one square yard for each TOOgallous (:=s 112 colic fiel) of water to he filtered in 24 
hours This is at the rate of nearly 5 cubic feel per square yard per hour 

Tfao steimiig of n percolation well with the brekci' I nek and rand round it forms a 
filler bed When the well is worked the v tier will fall n few fee*, sav 1 feet , and if the 
well has been sunk SO feet below the percolation lev el, and the concrete plug is 5 feet 
thick, the length of the cylinder through which the water can biter will be 21 feet, 
If there IS a foot of hnck ball'ist all round the stcming the area of tho outside of the 
cylinder of broken brick will be 

21 X Sr X J0 = 6C0 square feel, 

=■ 73 square yards nearly 

If the wster passes into the broken brick from the •-and at the rate gcLcrally allowed 
in filter beds, the quantity ohtamahlc from the well will bo 

73 X o = SC5 cubic feet per hour, 
or fully enough to ecpply two of tko buckets u«id at Jaithra 

Tho vdocity of flow through a filler bed is kept very low in order to xemova all the 
mcchaniLal impnnties and to osidwo the organic impunties present in the water, and it is 
probable that a much higher velocity may be permitted without drawing sand mlo the well 
If a rate ol 10 cubic feet per square yard per hour can he attained, tho well will give 
sutBcicut water for four buckets 

33 It remains to consider tho cCcct of a year of drought on these wells By 
sinking the cvhnder of a spring well 30 feet, allowance is made for a fall of the water 
Burfacc to tho estent of 11 feet in a dry year If such a fall occur, the length of cylinder 
of a percolation well through which the water can Oiler will bo reduced from 21 feet to 10 
feet, and a discharge at the rate of 20 Cubic feet per square yard per hour will ho required 
to supply four backets If this rale cannot be nltsiucd without bringing sand into the well, 
either the cylinder must be snuk deeper or the discharge from the well must be reduced 

S4 The Cgnres given above show tho advantage obtained by making the aide of the 
cylmder permeable to water If the bneks of the stcming aro laid in mortar the well must 
obtain its supply entirely from the sand ntthe bottom By throwing broken hnck into the 
bottom of a 6 feet well, a filter bed, having an area of 3 square yards, will bo formed, and at 
tho rate of 5 cubic feet per square yard, the discharge will bo 15 cubic feet per hour 
Bven if the rale of discharge can be lucceasedto 20 cubic feet per square yard per second 
without bnnguig m sand, the well will not bo of much uso for irrigation purposes 
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80 feet bdow the vrater le-el mfeoiit reaching day. Unless a very cheap dcscnpfcon of 
p pe is used it irill rarely pay to build spring 176113 m places where the ‘ mota” is more 
than 50 feet deep, and it is in these places that the greatest necessity exists for good per- 
colation wdls 

Y. THE COST OP MASOXBT ITELLS 

38 Spring tc'Us tath ci,hrders retHtg ot clap — Cylinders 6 feet m diameter are 
made 1 foot thick. The bricks are made s^menial to fit the corre of the reD, their mean 
dimensions being 12’ x 6’ X S’. Two moulds are nsed — one for headers, the other for 
stretchers. 

One foot in length of the c^lmder contains 22 cnhic feet of masonry and at Hs 20 
per 100 cnhic feet, costs Es 4-6-6 * 

The cost of sinking varies very much. Through lelwa, the progress is much slower than 
through sand Gettmg the cylmder into Hie clay is espenave, and more wdls must be sank 
before the average rate can be ascertdned, bat it should not exceed Bs. S pec foot 

The curbs of wells that are sank info day are fitted with iron dices to fadhtate the 
sinking. 

The depth to the percolation level from the surface of the ground averages about 12 

feet 

39 The estunated cost of a wdl the cyhnder of whldi is 6 feet in diameter, sunk 
25 feet bdoir the percolation lerd, and huHt to a height of 2 feet above it, is as foUors . — 

us. s. 

.. so 0 

.. 171 14 
.. 75 0 

.. 10 0 

286 14 

Eslabhdimeat, at Bs. 10 per cent., .. .. ..28 11 

Tools and plant, at Bs 5 per cent , .. .. .. 14 6 

Coatmgenaes, .. .. .. .. 20 I 

Total Bs , .. 350 0 

If a small shaft, 10 feet m length, is required m the day, the cost of this must be 
added The masonir Irmng may he S feet m diameter and 6 inches thick. One foot in 
length contains 4 5 caVc feet, and costs Be 0-14-6 The cost will be 

us. a 

. . o 0 
..9 1 

.. 10 0 

24 1 

Add for cslabhshmeat, tools and plant end oontingendes, .. 3 15 

Cost of shaft, .. 30 0 

Uenec the total cost of the wdl will be Es. 3S0 

If tacse saa’l shafts a>e required in half the wells, the average cost of the spring wells 
C fe»t in diameter, will be Bs S65. 

la a p-grioas note on the Jaithra wcls the average c<Et of a 5 feet well was csliinated 


Curb, .. .. 

Masonry lining of shaft, 10 feet, 
Sinkmg sha^., 


Cnib, fitted with iron shoe, .. 

Masonry cylinder, 39 feel, at Bs 4-6-6 per foot, 
Sinkmg, 25 feet, at Bs 3 per foot, .. 

Earthwork^ «« •• •• 
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at Bs. 250 A 5 feet well will t^e only 2 bnckets, while a 6 feet well will take 4 buckets. 
A font-bucket well at Bs. 365 is cheaper then a two-bncket well at Bs. 250 


40. These wells may be made more cheaply if the i^lmder is not sank so deep, or if 
its thickness is decreased 

The reasons for sinking the cyhnders 23 feet have already been given (paras 25 and 35} 

The thickness of the steming may probably be reduced to lOmches without endanger- 
ing the stability of the well This will effect a savmg of about Bs 25. 

The cylmder is strained most severely while it is bemg sunk, end if it is strong enough 
to stand sinkmg, and is properly bedded in the clay, it is not l±ely to fail when it is used 
for irrigation Some cylinders 8 feet m diameter and 12 mohes thick will shortly be sunk, 
and if they go down safely, the steinmg of the 6 feet wells will be reduced to 10 mches 

41 No 8 feet wells have yet been made at Joithra, but two sizes of bncks have been 
burnt for them. 


(i) . 10 mches long, smtable for cyhnders 15 mches thick 

(ii) . 12 mches long, smtable for cylmders 12 mches thick 

One foot m length of an 8 feet cylmder, 13 mches thick, contams 36 3 cubic feet of 
masonry, and at Bs 20 per 100 cubic feet, costs Bs 7-4-2 


The sinking should not cost more than Be 4 per foot 


The estimated cost of an 8 feet well, sunk 25 feet below the percolation level, and bmlt 
to a height of 14 feet above it, is as follows — 


Curb, fitted with iron shoe, , . 
Masonry cylinder, 39 feet, at Bs 7- 
Sinkuig 25 feet, at Bs. 4 per foot. 
Earthwork, .. .. 


Estabhshment, at Bs 10 per cent , 
Tools and Plant, at Bs 5 per cent., 
Contmgencies, . . .. 




BS. 

A. 

• • •• 

• • 

45 

0 

■2 per foot,.. 

• » 

283 

3 

• • • • 

• • 

100 

0 

• • •• 

• • 

15 

0 



443 

3 

• • • • 

• • 

44 

5 

• • •• 

• • 

22 

8 

»« • • 

• • 

30 

5 



540 

0 


If a shaft 10 feet deep is sunk m the clay, the nddibonal cost will be almost the same 
as for a 6 feet well, or Bs 80, and the total cost of the well will be Bs. 570 


The average cost of the 8 feet wells will be about Bs. 553. 


If the cylmder is made 12 mches thick, a savmg of Bs. 50 will be effected. 


42 To compare the cost of a 6 feet well with that of an 8 feet well. 

A 6 feetwcU costsfrom Bs 340 to Bs 365 accordmg as the cylmder is made 10 inches 
or 12 mches thick. 

An 8 feet well costs from Bs 303 to 553 accordmg as the cylmder is made 12 inches 
or 15 mdbcs thick. 

Hence an 8 feet well costs almost exactly half as much agam as a 6 feet well, while 
it will take twice the number of buckets 

43 Spring tule mils —One of these wells differs from an oidmary ^ting well in 
the following details — 

(i). The cylinder is 5 feet longer 
(u) It is sunk 5 feet deeper 
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(in). There is a ping of concrete, 5 feet thick, in the bottom of the well. 

(it) a pipe extends &om abont 2 feet above the concrete to the clay. 

The rate for sinldng shonld be less than in the other wells, as sand only or sand 
With a little nodnlar kankar is passed throngh. There is no necessity to have the curb 
shod with iron 

44. The estimated cost of the cylmder of a 6 feet tube well is as follows *— 

ns A 

Onrb, «• ** *. 13 0 

hlasonry cylinder, 12 inches thick, 44 feet, at Be. 4-6>6, .. 193 14 

Smking, 30 feet, at Bs 2 per foot, .. .. 60 0 

Earthwork, •• •> .. .. 10 0 

Concrete, 142 cubic feet, at Be 14 per 100 cable feet, .. 19 14 



801 12 

Establishment, at 10 per cent , . . 

• a •• 30 3 

Tools and Plant, at a per cent , .. 

•• •• lo 2 

Contmgencies, .. .. 

' .. .. 22 15 


Total, .. 370 0 


If the cylinder is made 10 inches thick, a saving of Bs 30 will be effected 
45. The cstunated cost of the cylmder of an 8 feet tnbo well is given below-> 


Gtubf •• •• •• 

• • 

• • 

BS 

SO 

A. 

0 

Masonry cylmder, 15 indies thi&, 44 feet, at Bs. 7-4-2, 

» • 

319 

7 

Sinkmg, SO feet, at Bs 3, •* 

• • 

• » 

90 

0 

Earthwork, •• •• 

• » 

• • 

15 

0 

Concrete, 250 cubic feet, at Bs 14 per 100 cubic feet, 

• • 

85 

0 

Establishment, at 10 per cent., .. 

• • 

• • 

489 7 
48 15 

Tools and Plant, at 5 per cent , .. 

• • 

• • 

24 

8 

Contmgencies, .. .. 

»« 

• • 

27 

O 


Total, 

• • 

590 

0 


By making the cylmder 12 inches thick a savmg of Bs 60 may be effected 

46 To this must bo added the cost of the tube, which will vary with the kind of tubes 
used and the length tegnired It was ongmally mtended to use " gnlar” wood pipes, which 
were obtamed at Moradabad for 10 annas per foot 

For reasons given in para 27, it is necessary to use iron pipes at Jaitbra The cheapest 
pipes m the market are cast-iron pipes with spigot end faucet joints tamed and bored 
The prices of these pipes m Bombay, and the cost of carnage to Agra are given below — 


ns A p 


BS A. p 


4- inch pipes cost m Bombay 

5- inch 

6- mch 


St 

St 


0 12 0 
10 0 
14 0 


per foot, and carnage to Agra is 0 9 0 per foot 


>1 

II 


II II 

II II 


0 12 0 
0 15 0 


To this must be added the cost of making holes, screws, £.c., which will add abont S 
annas per foot to the pnee The cost of carnage to Jaithra is abont 2 annas per foot 


Hence total cost of pipes at Jaithra will be— 


4- indi pipes, 

5- inch „ 

6- inch „ 




BS A 

1 15 

2 6 
2 18 


p 

0 per foot 


0 

0 


S» 

St 
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The objections to this kind of pipe are that the joints project more than an mch beyond 
the body of the pipe, and the tamed and bored snrfaces are not long enongh to make the 
joints quite rigid. 


It IS probable that these pipes can ho sank to a depth of 50 or 60 feet below the 
bottom of the well without much difficulty. For greater depths it may be necessary to use 
cast-iron pipes connected by wrought-iron covering hoops 

' As stated in para 28, the 5-mch pipe is the best size for general use. 


The pipe projects at least 2 feet above the concrete, and should he sunk 3 feet mto 
the clay Hence the length of pipe required is equal to depth of clay below bottom of well 
-}• 10 feet. 

» 

The cost of the pipe, mclndmg sinking when clay is at different depths below the 
bottom of Wl, IB given below The cost of smking is estimated at Re. 0-8-0 per foot 








ns 

A 

T 

10 feet below bottom of well. 

cost of pipOi 

• • 

54 

0 

0 

20 

If 

9f 

if 

99 

• » 

82 

12 

0 

30 


99 

99 

99 

• • 

111 

8 

0 

40 

>1 

99 

99 

99 

• • 

140 

4 

0 

50 

39 

99 

99 

99 

• • 

169 

0 

0 

70 

91 

ft 

99 

99 

• • 

226 

8 

0 

100 

99 

ft 

99 

99 


312 

12 

0 


47 The following Table shows the total cost of a spnng tube well when the " mota " 
IB at different depths below the percolation level — 


EsniuxBD oosx of Well 


Depth from level of imli-Eoil 



water to the mota 

6 feet in diameter 

8 feet in diameter. 


ns ns. 

ns. ns 

40 

394 to 424 

584 to 644 

SO 

423 to 453 

613 to 678 

60 

452 to 482 

642 to 702 

70 

480 to 510 

670 to 730 

80 

509 to 539 

699 to 759 

100 

567 to 597 

757 to 817 

130 

653 to 688 

843 to 903 


48 Percolation wells. — The cylinders of these wells are made 6 feet in diameter- 
They will cost almost exactly the same as the oylmders of spnng tube wells of the same 
diameter Estra precautions must be taken in sinking them, and this will counterbalaneo 
the saving effected by not using mortar in 18 feet of their length Hence the cost of the 
cylinder (12 inches thick) will be Bs. 370 


If the cylinder is surrounded by broken bricks to a thickness of 12 inches, 1,000 cubic 
feet of bnck ballast will be required At Jaithra this will coat very httle, as there 
IB a quantity of lime siftings and broken bnck at the kiln, which is nsoless for any other 
purpose But if a number of these wells were made, it would bo necessary to bnm or pur- 
chase the ballast, which would cost about Rs 4 per 100 cubic feet Hence cost of 1,000 
cubic feet of ballast would be Rs 40 To this must be added the cost of smking it round 
the cylinder 


If the ballast sinks sufficiently by simply working the well, the expenditure will be very 
small Arrangements must bo made to keep the trench open and to cany the water 
raised from the well over the trench The water will be raised from the well by the 
cultirators and will ho used for imgation As the ballast sinks, more will be thrown 
into the trench Rs 10 should bo sufficient to cover this In this case the total cxpendi' 
ture on ballast end sinking will be Rs. 50 
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If it IB nceeasaty to rink n pipo round tko well and to rnm the bellast into it while it 
IB being withdrawn, the cost will ho about Es. 60 greater The pump must bo sunk and 
lowered in from 12 to 15 places round the cylinder, say 15i The coat of sinUing and with* 
drawing the pipe once, and ramming the ballast into it, will bo about lls 4 , and for doing this 

15 times the cost will be Es 60 Hence the total expenditure, including ballast, sinking 
pipe, &. 0 , will be Es 100 Therefore the total cost of a percolation well is Es. 420 to 470 

As mentioned above, the cost of the percolation wells at Jaithra will bo less than 
this, as there is a considerable quantity of waste maleiinl at the kiln, which will bo used for 
ballast The percolation wells first made were 5 feet m diameter, and il was intended to 
make them all of this size, ns it was not expected that they would give water for more than 
two buckets But it appears probable that if the cylinder can bo entirely surrounded by 
ballast, the percolation through it will bo sufiiLient for four baUvcts. Some percolation 
Wells, 6 feet in diameter, have lecenlly been started. 

I 

49 The condihons which dctormino the best size of well to build are given in para 

16 

It has been estimated (pare 42) that an ordinory spring well, 8 feet in diameter, costs 
^ half as much again as a well 6 feet m diameter The former will take twice os many 
buckets as the latter , hence the relative cost per bucket of the two wells is as 3 to 4 
Wo have to consider whether the adinntngo in cost which the larger well possesses 
IB neutralized by the additional loss in the channels in irrigating a largci area 

Water is lost in n watercourse in threewn ys — (1), by soakngo into the soil , (ii), by 
evaporation from the water surface , and (iii), owing loiiTCgnlantics in the bed, some water 
IS retained in tho channel after irrigation has ceased If the channel has a good slope and 
IB properly made (ii) and (iii)^ro comparatively small, and tho chief loss is by percolation, 
which vanes with the kind of soil through which tho watercourse runs 

Itis probable thatin a given channel tho loss by soakage vanes nearly os the wetted 
surface (= wetted ponmeter X length) of tho channel If the rate of discharge is doubled 
the wetted perimeter is increased in a much smaller proportion, and the channel may bo made 
longer without increasing the percentage lost by percolation Hence if all tho water raised 
from a well is sent down one chonncl ond into one field at a time, the proportion lost in tho 
Watercourses on an 8 feet well is probably no greater, and may oven be less, than that lost 
on a C feet well 

Cultivators are well aware of tho economy that results fiom irrigating on this system, 
and when the lond round a well belongs to diSercnt men they frcqnently combine together to 
do so But this cannot always be counted on, and if the irrigation of three or four fields is 
carried on together the loss m tho channels will bo increased, and tho area irrigated from 
tho 8 feet well will bo less thon double the area irrigable from a G feet well ho long as tho 
area irrigated for bucket on the former exceeds three-fourths of that on the latter, the ad- 
vantage as regards economy is still on the side of the 8 feet well 

A two-bucket well costs about Es 250, and tho cost per bucket is about 30 per cent, 
greater than that of a four-bucket well 

TTntil a well is made tho water supply obtainable from it is uncertain It vanes with 
the nature of the sand below tho “ mota," coarse sand yielding water more readily than 
fine sand It also depends on tho extent of the sandy stratum both horizontally ond 
vertically 

This uncertainty about the supply is the chief objection to making large wells, os after 
they are mode it moy bo found that the full number of buckets cannot bo worked on them 
The supply in a spring well is nearly always enough for four, but is frequently insufficient 
for eight small buckets The former therefore oppenrs tho best size for general use 

Borne 8 feel wells ora being built in gauhnn land near other wells, in which tho, supply 
has proved to be omple 
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50 As regards spnng tube rrells. Hr Crooke is of opinion that if be can secure a 
rate of profit at 6 per cent it inll pay him to make wells Allowing, asm the last para , a 
profit of Bs 24 from a 6 feet well in outlying lands, and of Bs. 48 from an 8 feel well in 
the gauban and tarai, the cost of a 6 feet well must not exceed Bs 400, and of an 8 feet 
well Bs 800. The Table in para 47 shows that, acceplmg these limits, a 6 feet well should 
not be made where the “ mota ” is more than 40 feet, nor an 8 feet well where the “mota " 
IS more than 100 feet below the level of snb-soil wafer 

51 Bext as to percolation wells Spring tube wells 6 feet in diameter cost Bs 894 
to Bs 424 where the “ mota” is 40 feet deep, and Bs 423 to Es 453 where the “mota ” is 
30 feet deep If a percolation well giving enough water for four buckets in a year of drought 
can be mode for Bs 400, it should be made wherever the "mota” is more than 40 feet deep 
in preference to a spring tube well 6 feet in diameter. 

52 Wells of any description can be hnllt more cheaply in a year of drought than 
after a year of average rainfall If the level of snb-soil water falls 10 feet, the savmg in 
wells of different kinds and sizes will vary from Bs 30 to 30. 


TL BEPOBT OP WOEE DOKE AND IN PEOGRESS 

53 Two experimental wells were sunk at Jaithra in 1880, in sites chosen by Mr 
Benson One of them reached clay at a depth of 18 feet 6 inches The other was sunk 
15 feet 6 inches, and the divers said it was on clay, but this was afterwards found to be incor- 
rect, and the well has been sank 2 feet 6 inches deeper, and is now on the " mota ” 

54 In Apnl 1881, a trial bonng was made in a spot abont three-quarters of a 
mile from these wells, and clay was found at a depth of 24 feet The bonng apparatus 
used was of the ordinary kind, consisting of iron rods screwed together, with vanons tools 
to be attached to the lowest rod The soil being sandy, a S-inch wrougbt-iron pipe was 
sunk to keep the bore open, and the tools worked loside tlie tube The apparatus proved 
quite nnsnitable for the sandy soil at Jaithra Each time the tools were withdrawn from 
the pipe a considerable time was wasted in unscrewing the rods, and only abont 1 foot in 
length of the anger contamed sand 

The sand came into the pipe almost as quickly as it was removed. The trial bonng 
occupied three weeks, and cost Es 26 ra labor alone 

53 The two experimental wells made m 1880 are percolation wells, the greater part 
of the staining below the water surface being made of bncks laid dry This description of 
well cannot be sunk into or through clay without great difficulty Clay having been found 
within 24 feet of the percolation level in the three places where trials had been made, the 
wells, which were then starred, were made of bncks laid m mortar Before the end of Octo- 
ber, 18 wells had been built and four of them bad been sunk 30 feet without reaching clay 
8mce then the remaiamg 14 wells have been sunk, but only six of them have reached clay 

56 The vanation in the depth to the clay in different parts of the village rendered 
it necessary to make a more extensive senes of Inal bonngs before bnilding any more wells 
Some new tools and pipes were ordered in November 1881. They were received in Marcb 
but some alterations wore required, and these were not completed till May 

In the meantime 20 more wells were started, the cylmders being built to a height of 
only 5 feet pending the results of the Inal bonngs A reference to JFiys 3 to 6, Plate Ao* 
IV. and V , will show that up to this height the stcimng of a spnng and percolation well is 
bnilt in exactly the same way, but^above 5 feet the bricks in the former arc laid in mortari 
While in the latter they are laid dry 

Bricks were also earned to the sites of 16 wells, and 7 of these have since been started 

57 The new bonng apparatus is made on the system which has been found to work 
satisfactonly at Moradabad lo sinking the wooden tubes throngh sand For working in 

s 
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wet sand o slndgo pnmp is used, rei; stimlec in conetmction to that of n common enchon 
pnmp It consists of n cjlmder with a ralrc at the bottom opening npwnrds A piston 
with a Taire in it, also opening upwards, mores up ond down iiisido the cjhnder, and a ropo 
is attached to the end of the piston rod The piston is made suGncicntly bcarj to sink by 
its own weight When the piston is raised the foot relic of the cylinder opens, and sand 
and water are drawn into the crlindor When the piston descends the foot rnlre closes, eo 
that the sand cannot escape, while the valve in the piston opens, allowing the water to pass 
out The piston is raised and lowered ilirce or four times, in onler to hll the pnmp with 
sand , the pump is then withdrawn and the smd cleared out If the soil is bard it ik first 
broken by means of a heaiy jumper attached to the rope, and the debris is reraoicd by the 
elttdge pump This system of boring has been used by Messrs Mather and Platt, of Manches- 
ter, in sinking artesian wells to depths of over 1,500 feet, and the deep boring at Umbnlla 
was made with their apparatus Itis cspeLially useful for baring in wet sand, as the sludge 
pump is filled very quickly and removed at once by means of the rope, the heavy iron rods 
being entirely dispeuscd with. Two pumps ■^Imiild be nsed, one be.iiw worked while the other 
IS being cleaned As far as I hai e seen at present tlie system docs not appear tctt snitable 
for getting throngli soft plastic clay, as the jumper works it up into “ puddle, ’ which can- 
not bo removed by the sand pnmp But if coarse sand is thrown down the bpre before the 
jumper is worked, the clay is mixed with the sand, and jumps of the mixture are drawn 
into the pump 

58. In May, immediately after the receipt of the new tools, bonngs were made m 
two of the wells that had been sunk without reaching clay In one well (in Jaithrs) the 
mota was reached at a depth of 60 feel below the percolation level In the second well (in 
Ehirta Lagar Sahai) the pipes wore sunk 75 feet without reathing clav, and as Ihcir total 
lengtli IS only 75 feet 0 inches, they conid not go any deeper They were tbereforo 
withdrawn 

59, Since then bonngs have been made in the 20 wells that were built 5 fcetlngh 
and in nine more sites The object being to aseerta n whether a spring or a percolation 
well should be made, only 40 feet of tubing are used * If the pipes reach clay tlicy, arc sunk 
into It until no sand is brought up in the slndge pump, and the jiimpens then worked until 
it has penetrated 2 or 3 feet of the clay If the clay prove to be tliiiker than this ilje pipes 
are withdrawn If no clay is found, or only n thin stratnm which cannot form an efficient 
« mota, ” the pipes arc sunk 39 feet and then withdrawn 

In 22 ont of the 29 bonngs clay has been reached witliin 23 feet from the percolation 
level, and at an average depth of 21 feet 3 inches In the remaining seven the pipes were 
Slink to an average depth of 39 feet 1 inch below the nercolatiou level wiiLont findmg 
clay Most of tins work has been done sinih. the rains commenced, and the percolation level 
has nsen The depth, therefore, from the normal percolation level to the clay is less than 
that given 

The 29 bonngs have cost Rs 76 for labor alone, or Ks 2-10 per bonng To this 
most he added the cost of ropes and an allowance for the wear and tear of tools and pipes 
This shonld not exceed Bs 2, making the total cost of a bonug less than Its 5 

60 The result of the tnal bonngs has been to show that in a great part of the tract 
where kucha percolation wells are now made by the cnllivators a stratum of “mota” exists 
at a depth very favorable for the constructiou of masonty spring wells This is shown in 
Plate So II Up to the present “mota” has not been found m Khina Lagar Saliai and 
Mahnya It is found on the west side of Tigra Bhamora, and in about half of the land of 
Jaithra whith is debarred from canal irngation In Bahgon it is found on both sides of the 
tract m which spnng wells are made by the villagers Bonngs are still m progress, and the 
map will require modification when their resnlts are known 

It is mtercstmg to note that the “mota” has been found either within 25 feet from 
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the percolation level, or not ^ntbm 40 feet from it It vonid appear, therefore, that the 
stratum vrhich exists under a great part of the percolation veil tract terminates ahraptlj* 
The sections obtained m three veils at p, q and r, are given in Figs 9 to 11, Plate Ifo, Y 
The distance from p to r is only 2^ furlongs, but the three sections differ very much 

] t 

Since the bonngs have been made, vork has been started again on the 20 veils 
that vere built to a height of 5 feet, and 7 more veils have been started Seven of these 
vill be percolation veils, and the cylinders of tventy vill reach clay 

61 Some nev tools and pipes have been obtained for making deep bonngs in the 12 
veils vhich have been sunk One set of pipes, 120 feet long and 3-inch bore, vas supplied 
by the Snpenntendent of the Canal Fonndiy, Roorkee , the other, 150 feet long and 2-inch 
bore, by Messrs T E Thomson and Co. of Calcutta The pipes are connected by outside 
screved couplings, rounded or bevelled, in order to reduce the resistance as much as possible. 
With each set of pipes three steel shoes have been supplied, so that six smaller sets can 
be made up, each long enough to ascertain if the “ mota ” is less than 40 feet from the per* 
eolation level or not The sand pumps hare been made by Messrs Coen and Co of Agra 

Borings vere commenced vith these pipes early this month The 8-inch pipes vere 
put dovn one of the old veils in Jaithra, and reached clay at a depth of 53 feet belov the 
percolation level It vas intended to ascertain the thickness of the “ mota ” by putting 
an Abyssinian tube veil, 1^-inch in diameter, dovn the 3-inch pipe and trying to drive it 
through the clay But before the 3-inch pipes vere properly bedded m the clay, a 
jumper got jammed in the lovest pipe, and as the rope broke it vas necessary to vithdrav 
the pipes 

They vere then put dovn the veil in Khina Lagar Sahai, in vhich the old pipes bad 
been sunk to a depth of 75 feet vithont finding clay They hare been sunk 80 feet 
belov the percolation level and are still m sand 

The 2>inch pipes hare been put dovn a veil in Jaitbra near the boundary of Khina 
Lagar Sahai, and hare been sank 83 feet belov the percolation level vithont reaching day 

Thm seams of soft vhite clay hare been passed through in all the deeper bonngs 
that bare been made, but they offer little resistance to the passage of the tubes, and vonld 
certainly not form a good “ mota ” Strata of sand kankar and of nodular kankar bare also 
been passed through When the 2-inch pipes vere sunk 45 feet belov the percolation 
level, they vent through a stratum of kankar, vhich vas so compact that all the vater vas 
pumped out of the pipe vithoCt draving any sond into it If the kankar has a sufScient 
area to allov the canty mentioned in para 24 to form belov it, a good supply of vater 
should be obtained The sinking of the pipes has been continued belov this stratum in 
order to ascertain the depth to the clay 

62 The present state of the vork is as follovs — 18 veils hare been bnilt and sunk, 
and BIX hare reached clay Tvo of the latter are in Jaitbra and hare been completed, the 
<1 mota ” haring been pierced , they are C feet in diameter The remaining fonr are in 
Bahgon, and are 5 feet in diameter They vou’d have been finished before this but 
the gang of divers vho sank them proved quite useless as soon os the veils reached clay, 
though they sank them tbrongh the sand vithont difficulty The divers at Khvdjapur 
mil shortly hare finished tbcir vork and vill be sent to Bahgon 

Of the 12 veils that are in sand, fire are 5 feet and seven arc G feet in diameter 
Bonngs bare been made in three of the latter, and in tvo of them clay has been reached 
vitbm CO feet from the percolation level, vhile in the third the pipes hare been sunk 80 
feet vithont reaching clay A pipe has been sunk 83 feet in one of the 5 feet veils vitbout 
finding clay 

Judging from the positions of the veils, it is probable that clay mil be found vithin 
60 feet in fire ont of the seven G feet veils , bnt no idea can yet be formed of its depth in 
tvo of the 6 feel veils and in the fire 5 feet veils Oving to the clay stratom being 
so mneh deeper than vas anticipated, the cost of these veils vill be greater than vas esti- 

l>2 



a 


C 20 ) 

mated, bat xnllba adnsabla to sink iron pipes 5 inches in diameter in all of the 6 feet 
orells Pipes have been ordered for the two wells in which clay has been found. 

As regards the 5 feet wells, only two backets can work in them, and it is not worth 
while to spend mnch money on them. Unless clay or a compact layer of kanknr is fonnd 
within 20 or 80 feet from the bottom of a 5 feet wdl, an attempt will be made to get the 
water by percolation, and it is possible that saffiaent water to supply two bnckcls con be 
obtained in this way 

63 The cylmders of 27 wells are bung bnO^ and 8 of them have been partially sank. 
20 cjhnders will roach clay, 7 will be sank 30 feet in sand, and will obtain their water by 
pcrcolaban They cannot be snnk until the masonry is set 

64 Bncks have been earned to the sites of 12 more wells, and as soon as tnal 
bonngs have been made the wells will bo started Until the tnbe and percolation wells 
that have been commenced have been finished and tested, it is proposed to confine the work 
to placs where ordmary spring wells con be made. 

The finanaal year of the Awa Estate dosed at the end of last month, bnt the acconnts 
have not yet been made np ■- ' * 



EHWAJAPUR CIRCLE. 


I. DESCRIPTION OP THE WELLS NOW USED. 

65. The nllnges of the Khtr&japnr Circle ere shoTm u Plate No. Ill Ab prenonsly 
stated, they are sitaated betireen the Sirsa and Domana Nadis The soil le generally light 
pttiya or IMr A line of Eand-hills runs through the Tillages, and mnch of the land is 
nndnlatuig There is very little •usar 

66 Among the sontces of irrigation are the Patna jhil and the Sursa nadi Ehw&ja- 
pnr IS Bitnated on the 'vrestem border of the Patna jhil, and contains some of its tarai. 
About 200 acres of the village are assessed as imgated from the jhil 

Bhamspnt is bounded on the sonth-nrestby the'SirsanadL There is some taiai m 
the village, and 13 acres are assessed as irrigated from the nadi. 

67 Some imgation is done from tno distnbntanes of the Ganges Canal The 
Hardnaganj Distnbntaiy passes thiongh a comer of Chirgairan, and tails mto the Sirsa 
nadi above Shamspnr. It imgates a few fields in both of these villages. 

^ The Lodhipnr Distnbntary passes to the east of the villages, and irrigates a few acres 
in Khw&japnr A great part of the land in the Circle is too high to get irrigation from 
these lajbahas. 

68. Wells form the main source of imgation m all the villages, m Atanllahpnr, 
Mi^abatpnr and Fasyapnr Begampnr they are the only source The depth from the snr- 
face of the ground to the level of snb'Soil water vanes from 15 to 80 feet. The water is 
generally sweet, bat there are some brackish wdls in Chirgawan. 

A few of the wells receive their supply by side percolation, bnt most of them reach 
the '* mota, ” and are supplied by qirmgs 

The cost of a kncha well is stated by the villagers to be from Bs. 10 to Bs, 12, 
bnt from enqnmes that have been made the actnal cost to the cnltivators appea'u to be 
about Bs 6. 

The kncha weUs last two years at the farthest , most of them fall m the year they are 

dug. 

None of thorn give water for more than one backet, and in some wells the supply is not 
enough for this 

69. All the wells are worked on the Mi system, two pairs of bnllocks being em- 
ployed to one bnckot The rope is attached to a loop on the yoke by means of a wooden pin 
(M) When the bnllocks get to the bottom of the run, the driver removes the pin and 
walks np the run holding the end of the rope On reaching the top he finds a second pair 
of bollocks waiting there, and attaches the rope to their yoke By the time the second 
pair of bnHocks have got to the bottom of the mn, the first pmr have reached the top 
and are ready to go down again 

The bnekots ore large, contaimng from 26 to 36 gallons. The cattle are stronger than 
those used in the eastern part of the Etah Distnct 

70 The following Table, ti&en from the Settlement papers, gives the areas of imgat- 
cd and dry land in six of tho villages — 
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Kamo o£ YiUfigc 

. 

Anna or 

Total 

Total 

Imgaledland 

Diy land 

coUnated 

area 

area. 

Atanllahpnr, .. .. .. 

acres. 

125 

ocrcB 

67 

acres 

192 

acres 

210 

Chirgawan, .. .. .. 

1,022 

183 

1,205 

1,297 

Pasiyapnr Eegampnr, .. - 

251 

130 

381 

451 

61l&SQ8ptlf| « • • a • • 

440 

504 

1,034 

1,285 

Hhwdjapur, .. 

607 1 

134 

641 

764 

Zampnni, .. . .. 

260 

285 

545 

604 


2,605 

j 

1,393 

3,998 

4,611 


Batbcr more than a third of the cnltirnted land iras assessed as dry 


In hiB note on Zainpura, Mr MneConaghey stales that “ this estate is capable of mnch 
ifflprorement if morecultirators Trcrc'located and a fevr pneka irclls snnk ” The same may 
he said of other Tillages — especially ‘Shnmspnr and Atanllahpur. 


IL THE AHEA IRRIGABLE PROM A WELL 

71 Table III gircs the area irrigafeddnnng the last rabi from some spring ^clls in the 
Khvrajapnr Circle The oTerage area irrigated per bncLet was 7 57 acres from pneka and 
5 85 acres from kneha wells, the arcrago for tho whole facing 6 JI5 acres 

The villagers sny that a pair of bnllocLs can imgate 25 Icncha bigahs, or nearly 5 
acres of rain crops. Hence one backet worked fay two pairs of fanllocks should irrigate nearly 
10 acres Doubtless this area can bo irrigated if tho well is constantly worked, fant Ibe 
greatest area recorded on a single backet well is 8 8 acres > 

The nrerage area irngated from nine single-bucket pneka wells was 8 11 acres, and 
from three two-backet wells it was 6 75 acres per bucket 

8 5 acres appears a fair estimate of the area that can be irrigated from a single-bncket 
well in the rabi season, and a two-bneket well should irrigate 7 5 acres per bucket, or 15 
acres altogether 

72 The arguments used in paras 14 to 16 when discussmg the area irngable from 
a well at J aithra opply equally to tho Khwajapnr villages A 6 feet well can take two largo 
buckets, and should irngato 15 acres of laud in the rabi season Tho total area irrigable 
from a well of this size is 15 acres if the well u situated in gauhan or tarai land, and 80 
acres if it is in the barba 

In outlying lands the two-bneket well seems the best size to bnild, but m tho ganhan 
and tarai lands a four-bucket well, 8 feet in diameter, will prove the most economical, pro- 
vided, the sprmg IS powerful enough to supply it 

73 It 13 interesting to note the difiercnco between tho Brea.itrigahlo,from a 6 feet 

well at Jaithra and from a well, of the same size at Khwajapnr ' 

At Jailhra the nagaur system of working is adopted The cattle and buckets are 
small Four buckets can be worked m a 6 feet well One bucket irrigates S acres of rabi 
crops, and the well can irrigate 12 acres in a season 

At Khwijapur the hh system prevails The cattle are stronger and the buckets very 
large Only two buckets can be worked in a G feet well, but one bucket worked by two 
pairs of bullocks can irrigate 7| acres in the rabi season 15 acres can be imgated from 
the well, or 25 per cent more than can be irrigated from n well of the same size at Jaithra. 
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III. THE COST OE IRRIGATION. 


74. The Qctnal cost to the cnIttTAtors of making a kuchatrell 16 about Bs 6 The area 
irngated by a ^ell in the rabi ib rather leas than 6 acres (Table III) Most of the rrells last 
only one year Hence the cost of the well is abont Re 1 per acre irrigated Inganhanand 
tarai lands the cost is Re 1 per annum , in outlying lands it is 8 annas per annum. 

In order to obtain a fair rate of profit from masonry wells, an enhancement equal to 
double these rates mii«t be levied on the irrigable area Therefore if pucka wells are built 
in places where kuclia wells on be made, the cnltivntors must pay for the induect advantages 
that will accrue from the wells, in addition to the direct gam tliey will receive by being 
saved the cost of makmg the kucha wells (para 18) 

hinny of the sites chosen are in places where kuchn wells are not made, and then the 
question to bo settled is simply the difference between the value of “ wet " and “ dry ” 
land. 


IV. THE CONSTRUCTION OP MASONRY WELLS. 

75 The “ mota ” appears to bo very generally found m sinking wells in the Khwaja* 
pur villages, and it is probab'e that no percolation wells will be required Most of the wells 
will be ordinary spiing wells {Fig 3, Plate No IV ), but in some places the “mota” may 
prove sufficiently thick to require a small shaft being bunk into it {Fig 4, Plate No. IV ) 
A few tube wells {L'lg 5, Plate No IV ) may also be required 

7G The principles that regulate the construction of spring wells have already been 
discussed ^ One point, however, which has been mentioned in para 33, threatens to nssnmo 
more importaiiceat Khw&japur than it does at Jaithra Whore the strata permit it the 
Cisterns should be 23 feet deep But if the bottom of the “ mota ” is less than 30 feet 
below the percolation level, the depth of the cistern must be reduced It is necessary to 
fix the minimum depth of cistern that may be allowed. 

As mentioned in para 85 a great deal of uncertainty exists as to the depth the water 
will fall m a year of drought, and also as to the fall when the well is worked By sinking 
the cylinder 25 feet below the ordinary percolation level, we allow for a fall of 21 feet when 
the well IS worked during a dry year If the cylinder is sunk only 15 feet, the water can- 
not fall more than 1 1 feet altogether, and this is the least amonnt of fall that should be 
counted on in a two-bucket well Therefore no 6 feet wells slionld be built in places 
where the bottom of the “ mota ” is less than 20 feet below the percolation level If any 
masonry wells are made in such places they should be S feet 6 inches or 4 feet in diameter, 
smtable for only one bucket 

No 8 feet wells should be built in places where the bottom of the “ mota ” is less 
than 30 feet below the percolation level, as the fall of water when four buckets arc worked 
will be greater than when only two are employed 

I may mention that an experiment was started at Jaithra to determine the connexion 
between the discharge from a well and the fall of the water surface, but it was stopped by 
the early rain The experiment will be made dunng the cold weather. 

77 No borings have yet been made in these villages The tools used at Jaithra are 
designed to work in sandy soil, and if the pipes are not stopped by kankar, lelwa, or clay,, 
they are often sunk 25 feet in a day But when the pipes reach cloy the progress is very 
slow. 

An Abyssinian tube well, with the drinog apparatus used by the Royal Engineers, 
has been obtained from the Canal Foundry, Roorkec, but it has not jet been tned It is 
probable that this tube, or a modification of it, will prove \ery useful for testing clay soils 

V. THE COST OF 3IASO^RT WELLS 

78 In estimating the cost of the wtlls ot Jaithra, the avenge length of the cylinder 
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»boTe tbc pireolation level has been assumed to be 14 feet A.t Khwdjapnr it mil be about 
Si feet, or 10 feet longer. 

If the cylinders ore smifc to the same depth, the cost of the irclls at Khirajapnr may 
bo found by adding to the estimated cost of the wells at Jaithra the cost of the additional 
10 feet of masonry and of the erttn earthwork req[Uired 

It the cyhodcr is <5 feet m diameter and 12 inches thick, the cost of 10 feet in length is— 


ns 

10 X Es 4-6-6 = .. •• •• 44 

Add for earthwork, establishment, ic, •• ..16 

Total Its , .« CO 

By making the cyhndet 10 inches thick, the cost will be tedneed to Es 50 

If the cylinder is 8 feet m diameter and 15 mclics thick, the cost of 10 feet in length 

Will be- 
ns 

10 XBs 7-4-2 s= .. .. .. .. 73 

Add for earthwork, establishment, £.c , .. ..22 

Total Es , . . 03 

If the stcimng is made 12 inches thick, the cost will he reduced to Bs 80 

79. Adding these amonnts to the fignres given in para 42, we obtain the following 
results — 


A 6 feet well costs from Bs 390 to Bs 423 according as the cyhndcris 10 or 12 mches 
thick. 


An 8 feel well costs from Bs 585 to Es. 650 aecordiug as the cylinder is 12 nr 15 
mches thick. 


As in the case of the Joithra wells, the cost of an 8 feet well is abont half as much 
again as the cost of a 6 feet well 

SO AG feet well in the harha can imgate SO acres and if the enhancement is fixed 
at Be 1 per acre, an annnal profit of Bs 30 will be obtained from the well If the well 
costs Bs 423, the rate of profit will be 7 per cent 

An 8 feet well in ganhan land irngates 50 acres, and if the enhancement on the land 
is fixed at Bs 2 pot acre, an annual profit of Bs 60 will bo obtained If the well costs 
Bs 635, the rate of profit will be 9 2 per cent 

81 The cost of a spimg tube well may be found by adding the cost of Ibe extra 
10 feet of tbe cybnder to tbe figures given m para 47 

If tbc minimnn rate of profit is fixed at 6 per cent,, tbe cost of o 6 feel well must not 
exceed Bs 500, and of an 8 feet well Bs 1,000 


TI BEPOBT OF WOEK DOBE AND IN PEOGBESS 

82 Two 6 feet wells have been completed One of them was sank 22 feet and tbe 
other 17 feet when tbe “mota” was pierced There are about 4 feet of day below 
tbe enrbs 

Two 6 feet wells have been partially sunk. One cylinder, 7 feet 6 inches m diameter 
jind 12 inches thick, has been built to a height of SO feet, but has not been sunk Six 
curbs of this size have been made, but tbe cylinders are hardly large enough for four 
large buckets, so the curbs ate now being made 8 feet in diameter 

Txrenly-five wells have been dug to the percolation level, and all of them wonld have 
been, started bad not the brick-buming failed Two contractors agreed to supply 5,00,000 
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'brio&B before the Slat May, at Bs. 12 per 1,000 for first class, and Bs 8 per 1,000 
for second class bricks For bncks supplied after this date, the rates rrere to be reduced by 
Be 1 per 1,000 for each class of bncks Bot more than 25 per cent of the total bricks 
supplied urere to be second class The mean dimensions of the bncks is 12* x 6* x 3* 
The contractors moulded 5,00,000 and burnt 3,00,000, but by far the greater number of the 
latter bare turned out pila, and out of the bncks intended for 6 feet cylmders, only enough 
to build four wells were obtained Most of these are second class, and the wells hare 
therefore been plastered inside 

Arrangements have been made to bum the bricks in Bull’s kiln by petty contract 
and daily labor, and some wood on the canal has been purchased for the purpose As soon 
as the bnoks are ready more wells will be commenced 

W J WILSON, 

24ih October^ 1S8S. Atsulant Enginetr m Special Dulp. 
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Taot-t; I —Sioaitiff area imgatei fron Spring WelU tn eosie villages of He Jaiihra Ci-ele, Atca JSslale, fail ' 
Hah, 1881-S2 


BcscBirnos or Weil. 

Ifame of TiUegc. 

Xomber l 
of trdia i 

! 

1 

ynniber 
of bcckets. 

i 

Krca. 
tmgatei 
in acres. 

i SSylH^ 

Pneta 

oiKncba. 

Xninber o{ 
buckets irorVed 
on each wclL 

Bepib {bom ^ 
ground to rratcr 

ID TreU. 

Brcci 

wall. 

Drci* 

bstbet. 



Feel 




! 



HI 

Facka, .. 

4 

11 and 17 

Bak^ron, 


2 

8 1 

14 35 

7*18 


t •• 

4 

12 

Jailiira, 

« ■ 

1 

4 1 

5 29 j 

629 

H9I 


1 




3 

1 

19 C4 1 

1 6 55 ’ 

184 

n • 

2 

7 and 17 

Bakgon, 

# • 

5 

10 

18 9S 1 

3 78 

189 



Total 

Pneka trclls, 

*• ^ 

** I 

22 1 

3857 1 

1 .. 

1 

1*75 

Kncka, 

2 

10 and 14 

Bakgon, 

« • 

14 


72 07 

515 

1 257 


1 

„ 10 and 11 

Bakgon, 

*• 

■a 


31 24 

2 84 

[ 2 84 

J* •• , 

1 

12 

JatUirn, 

«• 

■a 

1 

194 

1 94 

i 

194 






12 i 

i 

12 

33 IS 

2 77 1 
1 1 

2 77 ' 



Total 

Encka Trolls, 


■n 

40 

105 25 

• » 

2 63 




Grand Total, 

«• 1 

■Hh 

143 S2 

i 

• • 

i 

1 2 32 

1 


Table II —Showing area irngatti/rom Pereolalion Wells tn sane viVages of the JaiHra Circle, Atca Ettole, 
1881-82 


BESCEiPTtox OF Well. 

27&mc of TUlage* 

■Vqmber 
of wells 

■'Comber 
of hnckets. 

Area 
imcated 
in acres 

ATECAGS abea. 
IB*^IGATED 

Fncba 
or Sneha. 

Knmber of 
backets irorked 
on each n-elL 

Depth from 
gconnil to va.ei 
in well. 

Drone 

1 welL 

1 Brass 
j bnckcl. 




Feel 







Packs, 

• • 

2 

10 and 15 

Jaitkra, .. 


6 

1615 

5SS 

2 59 

n 

• » 

1 

9 and 11 


15 

15 

54 10 

3 61 

3 61 

3t 

• • 

1 

IS 

Ekina Lagar Sakat, 

1 

1 

1 23 

1 23 

I'23 





t 

1C 

1G 

53 33 

3 46 

3 46 




Total Packs trells, , . 


22 

71 48 

#• 

3 24 

Eneha, 

• • 

2 

13 

Jaitkra, 

1 


2 05 

2 05 


St 

• • 

2 

11 

Uahaja, 

1 


4 76 

4-76 

2 38 

73 

— 

2 

10 and 12 

Ellina Lagar Saliai. 

4 

8 

13 98 

3 49 

1-75 

SI 

• • 

2 

13 

Tigra Bbamora, 

2 

4 

15 15 

7 57 

3 79 






8 

16 

35 94 

4 49 

2 24 

Encko, 

• • 

1 

1 and IS 

Jaitkm, , 

21G 

216 


2 78 

2 78 

t 

« • 

1 

10 and 18 

Kkina Lagar Sakai 

36 

36 

82 92 

2 30 



• • 

1 

10 and 11 

Mahaja, 

16 

16 

54 19 

8 38 

3 38 

73 

4 • 

1 

9 and 1 1 

Bakgon, 

3b 

36 

llA 

3 23 

3 23 

SI 

• • 

1 

10 and 11 

ITgra Bbamora, ,, 

14 

14 

42 48 

3 03 

3 03 






318 

313 

896 64 

2 82 

2-82 




Total Encka ttcUs, 

» • 

334 1 

932 53 

0 

2 79 





Grand Total, . 

»• 

356 j 

i 

1,004 06 

0 0 

2 82 
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Table III .— area irngatei from Spring Wells tn some villages of the Khtodjapur Circle, Awa JSstate 
VaslBaln 18S1.S2. 



Description of Well 

Name of Village. 

i 

Number 
of wella 

Number 
of buckets 

Area 
irrigated 
in areaa 

ArBKAGK ABBA 
IRRIGATED 

\ 

Pacica or 
Encho. 

Nnmbcr of 
buckets v\orkcd 
on each mil 

Depth from 
ground to water 
m well 

By one 
welL 

By one 
backet 




Feet 



■■ 



■1 


Pncka, 

• • 

2 

24 

Begatnpur, 

• • 


2 

13 30 


6 65 


• • 

2 

28 

Pasyapnr, 

• • 


2 

14 38 

■EflS 

7 19 

It 

g 

2 

15 

Ehw&japur, 

1 

•• 

■1 

2 

12 81 

ISO 

6 40 




1 


1 

3 

6 

40 49' 

13 40 

6 75 


• • 

1 

1 

18 

Bdmpura, 

.. i 

1 

1 

8 25 

8 25 

8 25 


• • 

1 

12 and 16 

Ehw&japnr, 

• 

4 

4 

32 92 

8 23 

8 23 


• • 

1 

.11 

Zainpura, 


1 

1 

8 80 

8 80 

8 80 


« • 

1 

20 and 22 

Chitgawan, 

• • 

2 

2 

16 18 

8 09 

8 09 

it 

• • 

1 

21 

Faiidpur, 

• « 

1 

1 

6 86 

6 86 

6 86 







9 

9 

73 00 

8 11 

8 11 




Total Fncka wells, 

• • 

12 

15 

113 50 

• • 

7 57 

Kttclia, 


1 

16 and 20 

Itampnra, 

• • 

5 

mm 

34 57 

6 91 

6 91 


• • 

1 

18 and 27 

Atnnllahpur, 

• • 

6 


31 89 

5 3i 

5 31 


• « 

1 

18 

Pasyapnr, 

• • 

1 


5 12 

5 12 

5 12 


«• 

1 

9 and 16 

Khwajapur, 

• 

8 

HO 

67 90 

8 49 

8 49 


■ 

\ 

IS and 24 

Cliirgawan, 

• • 

21 


107 13 

5 10 

5 10 



1 

13 and 22 

Zaiiipuca, 

• # 

16 

BO 

95 88 

5 97 

5 97 

tt 

• • 

1 

18 and 28 

Faridpur, 

• 

IS 

BBi 

78 68 

5 24 

5 24 




Total Knclia wells, 

• • 

72 

72 

421 17 

5 85 

5 85 





Grand Total, 

• • 

• • 

87 

534 67 

• • 

615 


Tabi e IV — Showing the loss of head tn pipes of different diameters. 


Diameter 
of pipe 
in inches. 

Velocity of 
water in 
feet per 
second 

1 

! 

Dead due 1 
to velocity 
= 7i 

Loss of head 
at the two 
ends of the 
pipe = 15 5 

Value of e 
for incrnsted 
pipes 

Doss OF HEAD DUE TO 

FRICTION IN 

Total loss of head in 

] foot of 
pipe 

60 feet of 
pipe 

100 feet 
of pipe 

60 feet of 
pipe 

100 feet of 
pipe. 



Discharge = 900 cubic feet pet 

hour = 0 25 cubic foot per second 



3 

5 10 

0 40 

0 61 

0 0133 

0 0857 

4 29 

8 57 

4 90 

918 

4 ' 

2 87 

0 13 

0 19 

0 0125 

0 0191 

0 06 

1 01 

1 15 

2 10 

5 

1 84 

0 05 

0 08 

0 0120 

0 0060 

0 30 

0 60 

0 18 

0 68 

6 

1 28 

0 025 

0 04 

00117 

0 0024 

0 12 

0 24 

0 16 

0 28 

12 

0 32 

0 002 

0 002 

OOlOS 

0 00007 

0 004 

0 007 

0 006 

0 009 



Discharge = 1,200 cubic feet per hour =: 0 33 cnbic foot per second 



6 79 

0 716 ! 

1 07 

0 0133 

01528 

7 64 

15 28 

8 71 

16 35 


3 82 

0 227 ' 

0 34 

0 0125 

0 0340 

1 70 

3 40 

2 04 

8 74 


2 44 

0 003 

0 4 

0 0120 

0 010b 

0 53 

1 06 

0 67 

1 20 


1 70 

0 044 

0 066 

0 0117 

0 0042 

0 21 

0 42 

0 28 

0 49 


0 42 

0 003 

0 005 

1 

0 0108 

0 00012 

0 006 

0 012 

i 

0011 

0017 



Discharge = l,b00 cubic feet per hour = 

0 5 cnbic foot per second 



3 

10 19 

1 61 

241 

0 0133 

0 3428 

17 14 

34 28 

19 58 

30 72 

4 

5 73 

0 51 

0 77 

OOI2S 

0 0765 

3 83 

7 65 

4 60 

8 42 

5 

3 67 

0 21 

031 

0 0120 

0 0240 

i 1 .’0 

2 40 

1 51 

2 71 

6 

2 55 

0*10 

0 15 

0 0117 

0 0094 

0 17 

0 01 

0 62 

1 00 

12 

0 64 

0 006 

0 009 

0 0108 

0 00027 

0014 

j 0 027 

0 023 

0 036 
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PLATE No IT 

CONSTRUCTION OF WELLS IN THE AWA ESTATE. 
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PLATE No V 


CONSTRUCTION OF WELLS IN THE AWA ESTATE. 


SECTION OF PERCOLATION WELL. 
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NOTE 


os THE 


CONSTRUCTION OF THE MORADABAD WEILS FROM 
THEIR INCEPTION IN DECEMBER 1879, TO THE 
TRANSFER OF MR. MEARES IN AUSUST 1882. 


1. On the receipt of Mr. Wnght’s Beport on the Oonstmction of State TTells in Cawa- 

pore, Mr. Buck in his coTermg letter to GoTcmment No.. of Jnne 19th, 1879, 

urged that the expenments proposed hy Mr Smeaton in the Hasanpnr pargana (Morada- 
bad) should be earned oat under Mr. Alexander's snpemsion, and that farther ezpenments 
under the same snpemsion should if possible be made on some adjacent tract where water 
was near the snrface. 

2. The snggestion made by Mr. Smeaton in his No 858 of April 17th, 1879, was 
that a score or so of Tillages on the sandy platean of Hasanpnr should be prorided with 
wells— 

(1) — As a seenrity against landlord rapacity and oppression. 

(2) —As an msnrance agamst famme. He farther hoped that they might be the 

means of introdnang a system of water-lift, which he had modified from 
an apphance m nse in Bonthem and Central India. He found from ac- 
tual experiment that whereas with the ordmary natiye hit only If of an 
acre had been irrigated by 16 bnllocks and 12 men in 12 honrs from a 
depth of 19 feet , with his improved lift, 2f acres could bo watered from 
the same depth and the same tune by 2 men and 2 backets The ex- 
periment was one winch in itself demonstrated the necessity of m^ng 
investigations which should throw more bght on the elementaiy problems 
of well imgation, as thongfa, allowing 2^ mches for the depth of a water- 
ing, the results of the experiment with the native eburrus were reasonable 
enongfa , to secure the lesalt reported by Mr Smeaton for his lift would 
require that each bullock should lift 8 8 foot tons per mmnte, or 56 
horse-power, which is altogether mcredible. 

8 On November 10th, 1879, the Director of Agncnlture was authorized by telegram 
from the Board of Bevenue to settle details with Mr Alexander, the Settlement Officer of 
Moradabad, and in a communication dated two days later, Mr Back reported to the Board 
that he had met Mr. Alexander, who would undertake the work in combination with 
Mr Mills, an engmeer of the Department of Public Works In this letter, Mr Buck asks 
for instmctions as to whether be is to continue to exercise supervision over the work, and 
makes a snggestion, the full value of which seems at that tune hardly to have been appre- 
uated, t e , that some attempt should be made to get boring tools which would show 
whether or no wells could be constructed. 

4 On December 9tb, 1879, Mr Mills jomed at Moradabad, and a few days later 
Mr Alexander reported that the work of collecting matennis had commenced. Bods, 
angers, pipes and a crab-wmidi were provided from Boorkee for bonng operations. 

5 The natnre of the objects to be aimed at was described m some detail in Mr 
Back's letter of December I2th, 1879 

The object of Government (he says) is to ascertain how in each locality wells can be 
most conveniently constmeted, and what arrangements between cnltivators and zemindars 
are most smtable What is desired is that these experiments should enable Government 
to frame a scheme for general adoption GHie special pomts on which information is 
wanted ore— 

No SHI 
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(1) —What iehM letom aclnallj is obtmed for the adranfage of irell mi* 

gatioo. 

(2) —What area is irri^ble tom each sreU, 

(3) —What increase of revenne can be erpected at nest Eelilement, and on nhat 

tenns shonld the assessment be made. 

6,. Peta3sof copstcocbcm Trete to be settled m^oasoltation inththe Engineer, and 
it iras important to extend the espenments to tracts irhere irater iras nearer the snrfsce 
than it sras at Hasaapnr In a sabsequent letter (Jannaiy 3id, ISSO) Hr Back insists 
that, as the e:q>eiiments are not locH bat proTincial, more than one land of irdl shall bo 
constmeted The Engmeer shonld have fall labtnde to conitmet any hind of irdl that had 
a,pnn& facie prospect of snccess He ogam hop^ that a tract may be fonnd irhere 'irater 
Is mnch nearer the snrface than at Hasanpnr, and Tthete chltiTatois, \rhile inlling to nse 
them, are nnable to constmet pemanent irells. 

1, Hr Alexander on his part made a number of snggestions, the most important 
ghidi are fonnd m his letter to hhr Buck of Jannaiy ISth, ISSO He there proposes 
to hmld 30 (presumably) four bucket irells at an estimated cost of Bs 650 each, alloiricg 
nothing for cost of supenislon These ircIls irere to be distnbnted into the foHoinng 
classes.— 

(o) — Tirentj ireHs— iho nenundars irere to hay them ontnght by payment of 
the cost of constmction in a lamp sum or by instdments, interest at 6 
per cent hemg charged on outstanding balances. 

(5)^Fonrie€n rrells — the aemindars irere to manage these and pay interest only 
on the cost of constmction, mth opbon of pnrehase at any bme. In this 
case the mteiest rros to ho 8 per cent, payable for a minimum penod of 
20 years. 

(e) —Eight irells GoTcmment iras to hare the management, and the zemindars 
to gnarantse Goremment a certain income as long as the irells irere 
kept in xrorking order. The income in this case iras to be 5 per cent 
on the cost of constmebon, and as Goremment hemg the manager, 
ironld take all the increased rents secured by the irdls, the zemindars 
ironld only he called on to pay the guarantee m the erent of the irdls 
pronng a finannal failure, a result of irhich there appears to hare teen 
no presentiment 

(d). — ^Eight irells irere to he bnilfc as a pure peculation and irilhont any 
guarantee. The tiro letter snggeshons appear to be explamed by a 
passage in a pienous communicabon, in irhich Mi ^exander proposed 
that a ceitam nnmber of irells iros to be built for cnltirators, and crop 
rates, annlogoas to those charged for canal irater, collected by tbe 
Tnhsildar. There is no seggeshon as to borr Goremment iras to 
acquire tbe land He urges that nnless a large nnmber is constmeted , 
the experiment irM be mcondnsire, and adds: the mam object mil be 
gained if a certam bact is protected from hunme and actual loss avoided, 
and (hat an all zoand retain of 5 per cent ironld he reiy sabsfactoiy. 

8. Throughout the earlier stages of tins experiment three entirely dineient and not 
eaaly reconcilable rieirs of irhat itas to be its aim seem to hare held the ascendancy m 
toms. 

(1) —The irells irere to protect this paiticnlar tract from fanune 

(2) —They irere to be made as a commercial pecnlabon 

(3) .— They irere to enable Government to ascertain by actual experiment on 

Irhat terms and under irhat condibons it conld hnild irdls all over the 
Provinces 

9. Mr. Buck appbed for s grant of Bs 25,000 for the Hasanpnr irells, and Bs. 5,000 
for the irdls nHch irere to be constmeted m a tract of high nater lerel, and the Board 
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esftetloncd E4, 15,000 tob« spftfit ddritkg'ibe cnrrent yetfr, lasffuttmg lb* Buck toftmask 
au estimato of \That \ronld bo reqaired m the caBtung year for loclnsion in tbeir budgef 
They fntlbcr directed that the rate of interest chargeable to zemindars shonld be 6^ per 
cent. This ruling was subsequently modified by Goremmenl^ which anthonzed Mr Alex- 
ander to charge at his discretion any rate between 4^ and 6;^ per cent , provided that 
arrangements were made for the recovery of the pnncipal within 20 years. In a letter 
dealing with this point hb Buck remarks that 5 per cent, will be too low a rate to charge 
for interest, as Government will undertake repairs. 

10 On January 30th, 1880, Mr Alexander was anthonzed by Mr Buck to con- 
atrttct 25 wells in any case, and 23 more if they did not interfere with hiS project of bnilding 
experimental wells on the tracts of high water level; and the experiment was thus com.> 
tnenced — ^in the joint charge of Messrs Alexander and Mills, and under the general super- 
vision of Mr Bnck. 

11 The money ndVanced Was placed, by the order of GoVemniefit, at the Credit of 
Mr Alexander at the Moradabad treasury, and not &t the credit of the supervising depart^ 
ment. The Accountant General was directed to pass disbursements On the Settlement 
Officer’s order. 

12 Mr. Mills was in charge of the engmeering pdrt of the work for about five months' 
He fell ill, and went on leave some time in May 1880 The exact date of his giving over 
charge has never been ascertained. Of what was done during that period there is no very 
dear record, but I can say from what I learnt when at Amioha in October last, that there 
had been considerable actiniy in the direction of engineering experiment The first dififi- 
(iiilty to be encountered was one which has not even yet been overcome, and which while it 
has been fatal to the financial success of the undertaking, gives it its whole value as & pure 
experiment It was found that, while the water level was very mnidi higher than appears 
to have been anticipated, in fact so near the surface of the ground, that any experiments 
With wells at higher water levels were quite superfinous, in the groat majority of eCses no 
clay conld be reached -except at enormous distances, if at all, and it became abundantly 
evident that to construct a remnnerative well on the ordinary principles was a sheer impos-, 
sibility It then occurred to Mr Mills that an effective well might be constrncted by 
sinkmg a masonry cylinder in the eand to such a depth as to allow for the free play of the 
bucket m penods of maximum exhaustion, and that the supply of water might be obtained 
through a tube sunk from the bottom of the well till it reached and pierced the clay stra- 
tum To test these views a tube was sunk in an old and exhansted well belonging to 
Ghulam Chisti Ehdn, at Hasanpur, to a depth of 77 feet below the ground and 44 feet be- 
low the percolation level At that depth it tapped the clay, and as an immediate result 
the well, which had hitherto been nearly empty, received a copious supply of water Suc- 
cess seemed assured, and the only problem left W solve was the proper diameter of the 
tube, and the cheapest and most durable material It was not till nearly two years 
later, in October 1881, that the experiment was discovered to be inconclusive 

13 As iron was too dear to be nsed with any prospect that a well bmit with i£ would 
pay mterest on cost of constmction, experiments were made with other materials Seg- 
mental bncks, or clay tabes snnk inside an iron tnbe, which was afterwards to be withdrawn, 
were t ned witbont snccess. Proposals were mado to fill the iron pipe with coarse sand and 
than withdraw it, or to smk a very thin and inexpensive iron pipe and leave it in the well. 
With a clay pipe inside to strengthen it Eventnally it was determined to adopt a sugges- 
tion made by Mir Muhammad Muhsm Kb-tn, the very mfelligent zemindir of Amroha, to 
smk pipes of gnlar wood, which he bored at bis oWn bonso by a very ingenions machine 
invented for the pnrpose by bunself. 

14 There is no clear record of the amount of work done during the five months 
when Mr Mills was m charge It appears that a large supply of bricks had been burned, 
a few borings been made, and, as mentioned above, the tnbe sunk in Ghniam Chisti’s old 
well, ond a considerable number of experiments made with different kinds of tnbing. 

15 On Mr Mill’s dcparlnro Mr Alexander was left in sole charge wilhcnt any pro- < 
fcssional assistance, except that of a native Sub-Oterseer on Bs 23 pet mensem,- of whom 
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it iTOs snbseqnenQy xepoited that he vras old and bcfficient, and had never done anything 
hut desk vork. 

16 On hlay 25th, 1880, hCr. Alexander repotted farther diffiealties on his side of the 
nndertakiiig The zenundars in many cases had sfnbbomly refnsed to enter mto any cn* 
gagements for the repayment of the money to be spent, and irere willmg if not anxions to 
see their tenants rmned. He made two new proposals Either the cost of the wells shonld 
be made repayable in 12 yearly mstalments, and made an addition to the xerennc at which 
they had recently been assessed, or the zenundars shonld bo compelled to collect crop rates 
from the tenants benefited by the wells, and receive a small percentage for their trouble, 
hir. Wnght, who then ofSciated as Director, forwarded the proposals with the remark that 
both at Cawnpore and in hloradabad zenundars showed on nncongneiable objection to the 
constmction of wells by the State, and a recommendabon that compnlsoiy measures should 
be resorted to. The Board, however, negatived both Hr Alexander's proposes, and di- 
rected that where the zenundars ogreed, bonds shonld be taken, and where not, the cases 
should be reported They hod already demanded Mr Alexander’s final Beport and the 
Director’s review of it. 

17. The first regular Progress Beport was sent in by Hr Alexander on August 24tb, 
1880, and the state of the undertakmg at that time was as follows. — Fiffy wells had been 
projected— 29 in Hasanpnr — 18 in Amroha, and S in Sambhal— of these one, the old well 
ih Hasanpnr Ehos, of which menbon has been made, had been completed, in two other 
old wells a tube had been snnk to nearly a suGSaent depth; a fourth old wdl had been 
sank to 18 feet beyond its onginal depth. Of the lemunder, 15 or 16 feet of masonry 
had been bnilt and sunk in three , the same hught of masonry had been bmlt but not 
sunk m 18 , in 23 the bncks and curb wera ready, the pits dng for most of them, and in 
some bnildmg commenced, m others delayed for want of lime. For three, the curb only 
had been made, for one other, the curb was being made of three, those in chaige of the 
zemindar of Keshopnr Bhmdi, no details are given. The arrangements with zenundars 
were not fdlly completed, and are more folly reported in Mr Alexander's next detailed 
communicabon 

18. In the same month Government gave the important mlmg that the Eogineer’s 
pay was not to be charged to the Government advance for wdls A small sum, the exact 
amount of which was left to the Settlement Officer's discrebon, was to be added on this 
account to the money repayable by the zenundars, as otherwise the real cost of construction 
would not be known, and one of the prinapal mmii of the experiment wonld be defeated. 

19. Mr Alexander, irith his assistant Mr. Darrah, bad been m the constant habit all 
through the hot weather and rams, of dnrmg to the well tract, the nearest point of which 
was 25 miles from the stabon, whenever a Sunday or hohday released them from the pres- 
sure of their regular work But the wells themselves were scattered over a very large 
area, the best supemsion a cinban could give would be httle better than futile, and in an- 
swer to Mr Alexander’s urgent appeals Capbun Bellasis was appointed, and took over 
charge of the engmeermg part of the work on December 25th, 1880. 

20 On the first day of 1881, Mr Catmidiael visited Bajabpnr, l^sanpnr and Am- 
roha, and inspected the wells which were in course of constroebon in that neighbourhood. 
He found that the question of matenal for tubmg was still nndecided. Iron, earthen- 
ware, and g^lar wood were all bemg tried at the same tune m different wells Habves 
Were watching the experiment with mterest, aud Mr Carmichael had no doubt that a large 
number of applications for wells would be the result if it succeeded. Mr Carmichael m^- 
cated as the weak pomts of the experiment that Mr Alexander had been under the mistaken 
impression that he was justified m resotbng to compulsion, and that the wells were scattered 
over far too wide on area. 

21. In connexion with this visit, Mr Alexander drew up a second Progress Beport 
explrimng his action, and agam commenhng on the hostility of the zenundars, which ho 
attributed mamly to what was no doubt one of the chief causes, the commutation of their 
tenants’ rents from gpnin to cash payments, which was then in progress under his orders. 
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22. The atrangements for lepayment of the lootiey irhich ^ras to be spent were as 
follows — 

(a) — For seventeen wells, Mir Muhammad Mnhsin Khdn engaged to pay the cost 
estimated after completion, provided that it did not amount to more than 
Tts. 4.00 per well, with 5 per cent on ontstandmg balances within 12 
years Interest to run from the date of the bond 

(5) —Bonds had been taken from Ghulam Ghisti Khdn for nine wells. The penod 
in this case was 10 years for three wells and 12 for the remainder, and 
there was a slight difference in the method of calcnlatmg the prmci- 
pal sum. 

(c) —In eight cases bonds were taken from the neighbounng cnltivators who used 

the wells They were to repay the consohdated pnncipal and interest in 
20 years by annual instalments. 

(d) . — In three cases annual water rates were accepted by the neighbounng cnl- 

tirators 

(e) — ^The actnnl money advanced to the zemindar of Keshopur Bhindi was to be 

recovered in 15 years. Interest at 5 per cent and the pnncipal being 
consolidated Government incurred no responsibility for the construction 
(/) — Four were Government property or in Court of Wards, and for one it had 
been found impossible to come to terms with any of the inhabitants, and 
Mr Alexander eventually paid its cost out of his own pocket. 

23. At this time the distinction is at first clearly drawn between the (about; 25 
which were being constructed by contractors under direct snperrision, and the 20 which were 
being made under the superintendence of the zemindars. The latter were the 17 under- 
taken by Mir Muhammad Mnhsin Hh&n, and the three in Sambhnl 

24. The Progress Report up to the tune when Captain Bellasis took over charge shows 
the following results of the first year’s operations on the wells under direct Government 
supervision — 

(a) — Completed with tube— one This was the old Hasonpur well. 

(5) — Cylinder completed and tube partly sunk — one 

— Cylinder completely built and sunk but no tube — four 
(d) — Cylinder partly built and sunk — ^fourteen 
(«) — ^Bncks collected — four 
{f) —To be abandoned — one. 

25. During the cold weather of 1881 Mr Alexander, who may be regarded as the 
onginator of the experiment, and who had been in charge since its initiation, went on leave 
Captain Bellasis also left the work after he had been in charge for nearly four months, 
and the prosecution of the experiment was left to Mr Meares, the Executive Engineer of 
Moradabad, who took over charge from Captain Bellasis on Apnl 17th, 1881 

26. His first action was to send m a Progress Report which showed the followmg re- 
sults for the wells under direct supervision 

(aj. — Completely finished — one at Hasanpur. 

(j ) ; — Cylinder finished and tube sunk to what might be a sufficient depth— three 
(c } — Cylinder finished and pipe partly sunk — ^two. 

— Cylinder finished but no pipe — ^nine 
(e ) — Cylmder partly built and sunk — seven 
(/) — Cylinder partly built but not sunk — two 
(p) — No work done — four 

This list inclndcs two wells which arc not found in Mr Alexander’s Progress Bcpoit 
They never advanced beyond the stage of collecting a few bncks. 
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27. Mr Meares tatamed sole charge of these wells till September 27th, 1881. When 
on his representation that his ordmarj district duties interfered with their proper snpcnri- 
sion, Mr Sub-Conductor Edwards was sent to take over the work under Mr Meares’ orders. 

28 Dunng the last fortnight m Oetober 1881 1 inspected as many wells as were 
sufficiently advanced to admit of being tested in tho company of Mr TVilson, the Depart- 
mental Engineer 

The work up to that date had accomplished the following result 
(a) — ^Bcporied as completely fimshcd — twelve 
( 6) — Cyhnder finished and cloy pipe sunk and broken off— one 
(c) — ^Masonry finished and only tube wanting — ^fonr. 

{d) — ^Masonry partly built up and sunk — six 
(e) — Pit only dug — ^two 
(/) — Not commenced — ^two 

29 The wells reported as finished were tested by Mr 'Wilson and myself by the 
simnltaneons use for about Ik to 2 hours in each case of a bucket holding about 25 gallons, 
and a Gawnpore farm pump The amount of water drawn was about 500 cubic feet in the 
honr, and in only one case did any well show signs of cxhanstion As far as the water 
supply wont the result was perfectly satisfactory, and showed the possibility of irngating 
the area esbmated oy Mr Alexander, i e , between 20 and 30 acres for a two backet, and 
between 40 and 50 for a fonr backet well 

30 Three only of the wells had reached the clay stratnm One of these had not 
been sank to a sufficient depth to provide a sufficient supply of water 

The other two not only supplied ample water, but were perfectly free from any in- 
vasion of sand They were absolute sncccsscs 

31 Bat in the remaining eight, winch may be taken as typical of the wells over tho 
whole tract, a defect was disclosed which does not appear to have been anticipated, and 
which, nnless remedied, would prove fatal to them utility The eylinders rested on sand, 
which, when the water was drawn, rushed in, and filled them up to a depth which ranged 
from 2 feet 6 inches in a well which was only tested for nineteen minutes, to as much as from 
4 feet 8 inches to S feet 3 inches in those which had been tested for longer periods It was 
not clearly ascertained how much of this sand came up through the pipe, bnt it was plain that 
the greater part, if not all of it, came from under the curb, and that the work of only a few 
days would leave the cylmders suspended over a vaennm in which they most very soon be 
engnlfed 

32 The first step necessary was therefore to plug up the bottom of the wells m 
Each a manner as to exclude the sand When that had been done, it remained to be seen 
whether the pipe itself would not bring up sand enough to endanger eventually the safety 
of the wells Mr. Meares, who accompanied us for the greater part of the time in which we 
were engaged on the testmgs, thought that a ping of kunkur in layers of gradnated sizes might 
act as an effectual sieve, admitting water bnt exclnding the sand This experiicent was sanc- 
tioned, and on December 18th, 1881, at the snggestion of Captain Clibbom, I directed that 
the farther experiment should be tried in one well at least of plugging it with an imper- 
meable layer of concrete, thereby leaving the whole of the feeding to be done by the tube 
The tnbmg then being used was the gnlar wood pipe made by Muhammad Mnhsin Khan, 
*ind of 3-inch diameter It appears to answer well, but it remains to be seen how it will 
stand tho test of time 

33 Ih December 1831, Mr Meares reported that he was not satisfied with the work 
done by Mr Sab-Condnetor Edwards, and suggested that he shonld be sent to his ordinary 
duties, Mr Meares being relieved of his district dntics and pat in exclusive charge of the 
wells The arrangement was sanctioned, and came into effect m the beginnmg of February 
1882 

34. Early m Pebmary Mr Meares reported that he was in want of funds It was 
necessary to make some engmnes relative to his statement of accounts, but in the meantime 
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Eg 2,000 were sanctioned by tbe Board of Eevenne m Marcli to prevent the work coming 
to a standsliU. 

So On April I4lli I received an order from Government directing me to close 
the wells by the end of that month current I ventured to give reasons why this order 
should be reconsidered, and received at once assurances that this should be done, 
assurances which were carried into effect by Government Order 715 of May 8th, 1882 
In Government Order 9G7 of June 7th, 1882, it was ruled that the estra expense of Es 600, 
which had been applied for by Mr Meares might be sanctioned on the understanding that the 
wells should be completed for that amount But in the meantime the Board of Eevenne 
had forwarded the earlier order direct to the Collector of Moradabad, with instructions that 
all work on the wells should be closed by April 30th The first news I received of this 
was by a letter from Mr Meares informing me that he had already taken charge of district 
work I at once addressed the Board, and on the urgent representations of both Mr Tracy 
and Mr Meares, it was agreed that he should retain charge of the wdls as a part of his 
ordinary district work, an arrangement whudi had already been sanctioned by his Depart- 
ment when his connexion with them began a year before Things remained on this footing 
till the middle of August, when a private communication from Mr Meares to the effect 
that ho had heen transferred from Moradabad was again the fiist intimation I received that 
the continuity of the experiment was threatened He left the work under orders from the 
Chief Engineer some time lu the last week of August, and this is a convement date to 
bnng the history of the experiment up to 

36 It remains for me to revert to the Engineering part of the operations Early in 
Apnl, Captain Clibborn visited the wells at my request, and reported that he had tested 
two wells Tint at Eajohan, which had reached clay, and which was the only one except 
the old Hasanpnr well, which Mr Wilson and I had found to be perfectly successful when 
we tested the wells in October, was subjected to a severe strain for nine hours and showed 
no signs of exhaustion or subsidence Our conclusions were fully confirmed by this 
second trial, and it may bo accepted ns a complete success 

The second well, at Chak Dhanori, had been fitted with a ballast plug, and was, as 
Mr Meares told Captain Clibborn, fairly typical of the class of wells which had been sunk 
This too was severely tested for nine hours, and the result proved conclusively that the 
ballast ping was useless as a sieve to pass water and stop sand The well began to crack 
an hour after the drawing was commenced, and in five hours had sunk 1 foot 5 inches into 
the ground Before the end of the trial it was choke full of sand, and no water came in ex- 
cept a little through the tube, and that, it is interesting to remark, was still perfectly clear 
and free from sand The whole of the sand then must have come from under the curb 
through the ballast plug The cylinder bad subsided, leniing tbe ballast plug in its old 
position as far higher within the cylinder as the cylinder had sunk into the groaud 

Captain Clibborn further reports, that Mr Meares found it beyond his power to bring 
the accounts from the beginning of the operations into an mtelligible fcrni 

37 On this rcport'Mr Meares was again directed to try a concrete bottom, and the 
Examiner of Public Works Accounts was asked to put a trained accountant at his dis- 
posal for as long as the clearing of the accounts might reqmce him Tlie accountant 
joined Mr Meares on May 1st, and submitted a detailed account on August 1st 1 have 
omitted to say that m April, when the question of advancing more funds came up, 1 had 
directed Mr Meares to abandon two wells m winch only a little work had been done up 
to that time Tbe number icmaimug under his direct snpermtcndence was 23 

38 On May 4tb, Captain Clibborn made a second inspection of the wells, and with Mr 
Meares sunk a concrete plug 4 feet thick in tbe bottom of tbe Chak Dlianon well, effeclually 
closing all entrance either of water or sand except through the pipe lie further tested 
the Majliola well, in which Mr Wilson had found that though it reached the clay, the supply 
of water was insnfilcicnt Since then the bottom had been strengthened and the pipe dnren 
further m with the effect of entirely remedymg its previous shortcommg It gave 3,600 
cubic feet in 6^ hours 
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39 It took three treeks for the concrete in the Chak Shansn Trell to harden, and 
on Jane 30th and 4th, four testings irere made under Mr Mcares* personal snpemsion. 
The results were as follows — 



1 

Time. 

1 

ITater drawn. 

Deduct for icdnccd 
content of well 

Bchvcrtd tbrongb 
tnbe. 

1st testmg, 

• • 

1-15 

i 441 c ft 

308 c.fl 

133 c ft. 

2nd „ 

• 

2-0 

9G2 5 „ 

448 „ 

ol4 0 

3rd „ 

• » 

8-0 

90G „ 

430 „ 

456 „ 

4th „ 

• « 

1-5 

619 

448 „ 

171 


The testing, especially in the fourth experiment, when 531 3 cnhic feet were drawn 
in 50 minutes, was much more serere than previous experiments would have justified, hut 
the result was not discouraging Iso sand came into the well, and only 2 feet 6 inches 
into the 80 feet of tube Neither tube nor cylinder were m the least disturbed f The only 
result which was not wholly satisfactory was that the water supply had been '^considerably 
diminished The well, which was G feet m diameter and was intended for t^o backets, 
only gave a discharge of about 1,500 cubic feet in the day, which is not m^c than what 
would be taken out by a single bucket by n not very efficient cultivator } 

40 On Jime 29th, Mr Mcares again went to the wells, and set testinjTrsgomg, which 

were contmued for three days after he had returned to Moradabad On iAg gay m, 
sand came mto the tube— on the second only trifling amounts These tK^nments were 
conducted in his presence On the fifth day (July Srd), when he was nc^^ |here, a most 
snipnsmg result was reported— 350 buckets, or abont 1,225 cubic feet, fonj 
hours, no sand came up while the water was being drawn, but when opera,^ suspend- 

ed there was a sudden rush which filled up the tube and one foot of cylinder This 
extraordmary phenomenon is reported in a way which leaves much to gesned in the way 

of clearness, and I very much doubt whether it was correctly understo^ ^ ' jj ,j pocqble 
that the fine sand suspended in the water of well left n sediment of one I^^(,Qt. 5 rhen the draw- 
ing stopped, which deceived the natives in charge of the experiment, anw^ ° °^'„ j. 
merely a conjecture on their part 

41 The experiments were condneted till the 18lh of July, chiefly nnd^. nabTesopem- 

Eion The well was worked generally for fonr honrs at a stretch, and fifty bA jyj 

cnbic feet) taken in the hour Only a very few feet of sand came up the m and*noae 

into the cyhnder The result showed that, even if the report of Jnly 3rd is tc? ^ j,’ ^jcepted, 
and it IS dangerous to work at tho rate of 88 hnckets to the hour, the well is ^ rfectly safe 
with a draft of only 50 buckets to the hour, and that the hmit to which it can t ^o^hed 
with safe^ is somethmg more than 50, bnt less than 88, bncLets to the hour \ 

This was the last experiment, and lhave nothmg further to report V 

42 The position m which Government stands at this stage of the expenment laj 

follows — V 

It has 23 wells in pargana Hssanpnr, m all of which the cylmder has been fullj. , 
sunk, rmd tube sunk to as great a distance as seems necessary Of these \ 

One (1) m Hasnnpnr has long been an estabhshed success. ' 

One (2) in Bnjoban, 

One (3)mMajhola, 


I, I 

>have been lately proved snccessfnl 

h J 


Two 


I (4) Padh, 


((5) Sahadra, 

are reported to rest on clay and should therefore he successes, bnt 
they have not been tested 
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f (6) Dehrl Jat, No. 1| 

i (^) » » 2, 


Sis< 


(8) Btthadarpnr. 

(9) BawanKhen, No. 1, 


I (^®) j > >1 >1 2 , 

1(11) Bajohan, „ 2, 

xrere tested m October 1881, and found to be unsafe Ballast or 
kunknr plugs bare since been snnk in all, bnt testing has been de- 
ferred pending tbe lesnlts in Gbak Bbanori 


One (12) Chak Dhanoti— the eondibon of this irell has been reported in detul. 
{"(18) Naranpnr, No 2, 

(14) Ekonda, „ 1, 

(15) „ ]i 2, 

(16) Baldana, 

Nine.| ( 17 ) Hashimpnr, 

(18) Hayalpnr, 

(19) Hohamdi, 

(20) Manota, 

(^(21) Bampnr, 

bare not been tested, and it is supposed that their cyhnders rest in 
pure sand. The pipes are reported to end in coarse sand and knnknr. 


One (22) Earanput No 1 has not been touched smce it proved a complete failure 
in October 1881 


One Sadhpur. I am told by Oaptam Olibbom that this vrell tras tested in April by 
Mr Meares, and that the cylinder has parted 22 mches belo\7 the ground surface, 
making the well useless I hare no official report on this, thongh I beheve Mr 
Meares mentioned the occurrence in a B. 0. letter. 


43. Besides there are 17 in the charge of Muhammad Muhsm Ehdn in Amroba. 
Ee was showing considerable activity in the constmction of these np to tbe tune of last 
October’s testing He then seems to have snspended operations fill he saw the resnlts of 
the efforts that were to be mode to exclude the sand. 

No report has been made relative to the three wells in Bambhal which were to have 
been built by the zemindar of Eeshopnr Bhind:. 

44. On these wells bonds have been taken ns described m para. 21 for the following — 

(a).— Hasanpnr, Eoranpur Nos 1 and 2, Baldana, Hayatpur, Mnhamdi, Ekonda 

Nos. 1 and 2, and Bampnr, from Ghnlam Ohisti Ehdn. 

(()ir- Bawan Khen Nos 1 and 2, Chak Bhanori, Bajohan Nos. 1 and 2, Badbpnr 
and Fadli, from the cultivators. 

f 

(e).— In Bahadurpur, Majhola, and Ha^impnr, crop rates have been assessed on 
the cnltivators. 

((Q —The two wells in Behn Jat arc m the Conrt of Wards, and the well on 
Sahadra in Government property Hr Alexander has paid for the 
Manota well Bs 869-5-0 — ^tho total cost on that having been Bs 408-11*6 

(e ),— 'A bond has been taken from the cultivators for a wdl in Tigana, which 
has been since abandoned 

—Bonds have been taken from Muhammad Mtihsm Kh&n for the cost of 
seventeen wells, and the sum of Bs. 4,528-12-7 has idready been paid on 
account. 

(p ).— Bs. 1,000 has been advanced to the zemmdar of Keshopur Bbmdi 
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45. The steps tcmaimng to bo taken nppeat to be the following 

(1) . Carefol testings should be continued at the Chak Dhanon wcll| and it should 

be ascertained bow many bnekets per hour can be dniTm with safety. 
The llnginccr in charge conld be fnmishcd mtb insimclions ns to how 
this testing might be sccomphshed. They nio too long and too techni* 
cal for this report. 

(2) . Most of the tnbes end m nodnlar knnkcr The reason for this was probably 

the difScnlty of dnring a wooden tnbe throngh such a stratnm Bnt an 
iron pipo conld easily be pnt down as a continnation of the present wooden 
ones It has nsnally been found ibal n layer of nodnlar knnknr imme- 
diately coTcrs a layer of clay Trial bonags night be made in the tnbes 
of the Moradabad wells by Mr "Vnisott’s sand pnmp, and if they prored that 
there was a day stratnm within a few feet of the cad of the p’^esent pipes, 
the wells might probably be made perfectly ciSeicnl at a very small cost. 

(3) There arc rcasoas for helicnag that both the water supply might be in- 

creased and the fiow of sand dunmisbed if the hollow formed under the 
end of iho tube were filled with bits of knnknr and bard stone. This 
conld easily be tried The cylmder should be emptied as far as possible, 
and a man sent down to drop the knnknr into the inbo He should occa- 
E.onally let a hue down to see that the tube was not being filled up. 

(4) ‘Wells 4 and 5 shonid he carcfnlly tested It is possible that notoing 

farther need be done to them. 

(3) The ballast o~ knnknr pings should be taken out from beneath the cylinders 
in wells 6 to U, and impermeable concrete pings snhstitntcd 

(C) "Wells 13 to 21 should be tested, care being taken not to subject them to 
snch a strain as to endanger the stability of the wliader If, as will 
probably bo the case it is found that sand comes up from under the 
cylmder they tco should be supplied with impermeable pings 

It should be left to IhoEngmecrin charge to say whether it would be worth while 
to rapmr the broken wells at Karanpnr cad Saaupnr, or whether they 
should be abandoned 

46 There appea's to be no reason why the agreements taken for the three first wells 
on the kst shonid not be enforced In every ether case they should be held habic to reri- 
Eion until the well has been finally prononneed oa The terms then to be exacted wonld! 
depend on the safe water supply Perhaps a capital snm calculated on the ra^e of Be 1 
for every cubic foot drawn dnrmg ibe nonr would be a fair charge That is to say, a well 
that would give a hundred bnekets, each holding four cnb c feet in the hoar, would be worth 
Rs 400, of course the hmit otipnally agreed on would never be exceeded 

47 I have made no proposals as to tbe course to be 'dopted with Mohammad Mobsin 
Eban That can only fie determined when tbe expenments now in progress on tbe wells 
under direct snpcrvision have been pushed to completion He shared tbe sangniae views 
entertained at the commencement of the experiment, and whatever has been achieved is 
largely due to his cueregctic co-operation He deserves I tbmk to be treated with mnch 
consideration 

48 The statement of expenditure is taken from the aceoirots furnished hf the ac- 
countant who was depnted to draw tnem tip in May last Since tni commencement of the 
work there have been five oSeers in immediate charge, and four diS'erent Directors of Agri- 
cnllnre This, and the fact that, owing probably to the fnnds having in the first instance 
been placed by Government at the disposal of the officer m charge, and not inclnded in the 
budget of this department, no monthly audit bills have ever been fermshed, has added rciy 
greatly to the difScnlty of clearing up the finanaal a’^pect of tlie experiment This must 
be my explanation of the discrepancies which occur between the cost of the fimshed wells 
which I reported in December last, and tbe cost of the same wells now given by the ac- 
countant 
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49. The whole sum advanced by Government has been Ss, 27,600, and agamst this 
the savings up to the time when tho accounts were made up appear to have been fol- 
lows — 


Cash in Engineer’s hands, ... 
Credit at Treasnnes, 

Xjspsed, ... ... ... 


Bs. A. F. 

58 15 4 

... 2,886 15 7 

.. 2,408 14 0 


Total Be., ... '5,346 12 11 


This would make the total expense to Government up to the same date Be. 22,353-8-1, 
of which Bs 5,528-12-7 have been advanced to Mnhammad Unhsin Ehan and the Eenun- 
darof Heshopur Bhindi, leaving Bs 16,824-6-6 as the sum spent on constmcting the wells 
under direct supervision, on tools and plant, and on experiments. The amounts h p^pt pne h 
of these heads, as far as I can nnderstand the accounts, have been as follows'— 


Construction, •■1 
Tools and plant, • Oi 
Experiments, 


Bs. A. F. 
... 13,314 8 r 
. . . . 2,449 11 8 

. ... 1,085 15 5 

Total Bs, 16,800 3 8 


Which leaves on unexplamed balance of Bs 24-2-10. 


50. As has before been pointed out, it is impossible to say how much of this snm 
may be recoverable when the work has been completed. 


51. Mr. Meares has furnished me with an account of the snms expended under the 
superintendence of each officer during the time he was in charge. I have not been able to 
make it tally exactly with the other accounts, but it seems to be approximately accurate — 

Work. Tools. 


Mr hlills, ,(h moiiths,) 

Mr. Alexa^er, (8 months,) 
Capt. Bellasis, (8^ months,) 
Mr Meares, (10 months,) 
Mr. Edwards, (4 months,) 


. . 5,690 13 10 
. 5,412 4 8 

.. 2,426 5 0 
... 8,509 18 10 
. . 1,146 14 11 


1,271 11 4 
456 8 6 
187 11 3 
470 1 7 
124 0 0 


52 It cannot be said that tho present experunents throw any light on the cost of 
masonry for wells, and this le so well known already that the defect is hardly a matter for 
senous regret Tho cost of sinking tubes is less generally known, and some details which 
were given me by Mr Meares in October last may be of mterest. He foxmd the cost per 
lineal foot to be as follows — 






Bs A 

F 

Iron tubmg, . . 


••• 


2 0 

7 

Smkmg, 

**• 

••• 

••t 

1 14 

0 



Total Bs., 

• •• 

3 14 

7 

Wood tubing, . . 

•• 

• • 

«»• 

0 11 

0 

Sinking, 

••• 

* 


1 0 

0 



Total Bs , 

••• 

1 11 

0 

Earthenware tnhing, . . 

••• 

••• 


110 

4 

Smkmg, . < 


• » 

• •• 

S 0 

8 



Total Bs , 


4 11 

0 


Baiki Tal, 
8rd October, 1882 



(Signed) W. C. BEBETT, 


2?«reefcr 
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TABLES AND APPENDICES TO CAPTAIN 
CLIBBORN’S REPORT. 




TabIiE a —Ohservahon and EvfenmenU 


( 1 ) 























































TabIiE a. — Obsei-valion and iS*y(>nmtf/j/—(Conhnued), 
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Tasis a . — Olseroalion and JExpet intent — (Continued) 
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Table A — Observation and Etperiment — (Continued) 
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TabIiB a . — Observation and Expenment—(Oaaim\\ei!i). 
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Tablb a — Ohseroation and Expet iinent — (Continncd) 
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TABtB A — Observatum and Experiment — (Continued) 














































TAtiijJ? A . — Ohucrmlton and Krpertmenl — (Continued) 
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TabIiB a —Observation and JEtpentnent — (Oootinnod). 
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^ Qiiervatton and Experiment — (Continued). 
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Table A — Observation and Experiment — (Continaed) 
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Table i—5fioinnj the Yearly Area in Acres eon-mandedly Wells in ^OBtsfnets of the Norlh-WeHmt^ 
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Provmees and Oudi, and ihenvwibtrofxcaimnga required for each class of irrigated crop— 1881-88. 
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Taoi. 1: "B— Showing the Tearlg Area m Acres commanded Ig Wells in 20 DtslneU of the jYorlh- Western 
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PnvMcts and Oudh, and the number of wateringe required for each class of irrigated crop — 1881-83— (Continued) 


Percent area 

IdeBuvratennge Area 119 15 



Area 

Watenngs 

Area 

Watenngs 

Area 

Waterings 

Aren 

Watenngs 

Area 

Watenngs 

Area 

Watenngs. 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs. 

Area 

Watenngs. 

Area 

Watenngs 

Area 

Watenngs. 

Area 

Waterings 

Area 

Watenngs 

Area 

Watenngs 

Percent area 

Mean Tratenngs. Area 86 11 




















( Vlll ) 


Table S—Shovnng the Tcarly Area in Acres commanded ly Wells in 20 Districts of the Korth-Weslan 
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JPromnces and Oudh, and the numler of toaienngs required for each class of irrigated crop — 1881-83 (Continued) 
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Ji-^Showing the Yearly Area tn Acres commanded hy Wells tn 20 Dietncts of the Xforth-Weslern 
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Provinces and Oitdh, and the number oj ivaienngs rtgaxred Jor each class of irrigated cr02>-“1881-83— ^Continued). 
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Table B— Sfioictnj the Yearly Area m Acres commanded ly Wells m 20 Distncis of the North-We^em 



These examples are emitted in thi, calcnlations for mean areas, &c. 
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Promnces and Oudh, and the number of waterings required for each class of irrigated crop — 1881-83 — (Continncd ) 
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Table C — Showing depth, of watering given to various crops, and calculated loss from absorption in 

water-courses 
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Table C — Shamng d^th of watering given to various crops, and calculated loss from absorption in 

water-courses — (continued) 
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Table G — Shoxcirtg depth of vatennQ given to vanoue cropt^ and ealcidated lofsjfOTH absorption ts; 

vater-eourtef — (eontjnned). 
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Table C — Showing depth of watering given to various crops, and calculated loss from absorption in 

water-courses — (continued) 
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257 „ 3 >1 S80 2 


EXFERIUEliT 





CaiicuiiAted Loss 


Excess 


<u ^ ^ ■U’U g 

OS g S ® S 

.a S S **’ 9 9 
Depth. ■&“ 2-S Area 

Se ■§ ^ •§ git 
o O O P-| 



Oimttmj; 211 
and 242 


I • < . Damp in csccra 

*1036 140 453 3 24 2,220 50 7 Damp in excess 


234 ” 

* (Tobacco, 10 „ 

239 Barley, 4 „ 


'“‘ {Su;: t 


^^{Srley, s}” 

Mean Barley, 3 „ 

t 

[£den, 4 „ 

279 Oarrots, 5 „ 

291 Barley, 3 Band 


(Wheat 

IGnjai, 


650 3 

440 2 to 3 


291 Barley, 3 Sandy, 520 1 

325 „ 2 „ 550 2 

300 Wheat, 4 Dumat, 1,020 2 

312 „ 4 Sandy, 120 2 

307 „ 4X>nniat, 500 3 

309 „ 3 Mixed, 570 3 

/ ,* 3 

287 (Gnchana, S Sandy, 180 4 

(Wheat, 5 

315 tOnjai, 4 Damat, 340 4 

319 Wheat. 5 „ 940 4 


Wheat, 

5 

n » 

4to5 

Tobacco, 

15 

II 

8 

)| 

8 


8 Matyar, 3G0 
0 607 



0056 350 107 0 307 526 2 74 Donhlfnl mixed 

crops 


Damp in excess 
Mixed crops 


0778 490 493 1 00 2,913 46 0 


Damp in excess. 
Damp deficient. 
Domp deficient 


SO 1098 416 080 2 356 5,792 64 0 
80 

CG 0297 1S3 317 1 73 1,523 14 2 

*0374 63 448 7 116 2,149 18 1 Damp in excess. 


< 369 „ 

CD 

? 394 Gnjai, 


8 Damat, 430 2 5 

4 Matyar, 750 2 


n 331 Garden, yPamat, 300 
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Ta-rt.t! 0 — Bhovtng d^th of vsatering given to various eiojiSj and calculated loss from alsorplion in 

water-courses — (contanned) 



CAX/'T U:TEI> IASS. 


•mV* ^ ^ s 

c S s ^ g ® S 

iJepib 2^2 

Es 

ago o s,| 



2 597 

2,233 

18 7 

( 

53 27 

• » 

4,521 

I 

*1 
65 3 

2 776 

2,387 

10 8 


SimcwattMOirsc 
as 43‘>, Trbich 
TTKS »t>U mt. 


0928 673 1,255 1 866 4,963 36 71 


0030 373 48 129 188 1 llCamp deficieof 


l&ampinescess 
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TiiBLS 0 — Shmnng d^th of watering gtien to tanotts crops, and calculated loss from dbsorplxon u 

water-courses — (contmned) 


OB5>ST:im027 



■= r, 


EXF£BmE2iT 




So er* 

la S” 

5a < 



' CAl^nmATED IfOSS. 


— « .a *“0 ^ o o o 

£5 Depth -ag o-s sa « 

§• §5 B ^ B Si; 

5 )3| o oS.| 



I 476 Tobacco, 

-< 

e 

^478 ( »» 

L » 


’497 Garden, 
490 Tobacco, 


— iMean 


g 501 Sngar, 

•n 

fi 505 „ 

514 Tobacco, 


|S2o| Garden, 


^iMean „ 


552 'VYheat, 


^ 508 „ 

o 

as 

g 586 „ 

b 


— pican „ 

c t 

,< ,581 Peas, 

t 



X 
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/t-RTTi C—Shojcmff depth of viatmng gacn to vanous erop’t, and ccdctMted Use from absorption jr 

tcater-courea — (continued) 
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Abstbaot Tabt-t! C — Shotomg loss hy Percolation m water-courses pet' foot run per day of 9 hours 


u 

o 

t 

Soil 

Excess length of 
water-course. 

i. 

S 

a 

*8 
^ <9 

11 
u w 
o 
p* 

B) 

S 

B 

1 

a 

1 

1 

I- 

8.§ 

gs 

tn 

ta 

No of lifts 

Pcicontago of area 
lost 

Bemorhs 

33 

Porwa, .. 

61 

2 352 

7 75 

2 731 

1 

12 6 


47 

» •• 

67 

2’262 

1 

7*35 


1 

152 




64 

\ 

« • 

• • 

2 75 

1 

13 9 

1 


87 

MaijaT, .. 

30 

2 428 

74. 

2 953 

1 

161 


439 

» •• 

233 

2 597 

0 75 

2 381 

1 

18 7 



» •• 

193 

0 398 

9 12 

0 395 

1 

55 


178 

Jl •• 

1,188 

0 414 

93 

0 410 

3 

19*8 


173 

J> •• 

893 

1592 

10 3 

1391 

4 

59 4 




1 

[ 






Numbers 113, 234, 374, 406, 471, 472, and 568, have 



507 



1 506 


29 7 

been omitted from tbis Table on account of disturbing 









influences urbich are noted in Table C 

94 


so 

5 060 

8*85 

5 146 

1 

19 5 

The loss by percolation is calculated by assuming the 









mean depth of each class as correct for the length of its 

257 


140 

3 24 

8 0 

3 645 

1 

50 7 

corresponding water-courses, the excess depth of watering 


« • • 







representmg the loss for the extra length of water-course. 

346 

n •• 

183 

1 73 



1 

142 

The result IS curiously uniform, the few inconsistent 

467 


673 

1 866 



1 

36 7 

figures being easily accounted for by the varying ago or 





■■■■ 




condition of some water-courses 

2S 

* II •• 

800 

2 015 


2*042 

2 

H 

The moan result gives a loss of 2*372 cubic feet per foot 

122 


74 

1 889 



2 

Ki 

of water-course for a worlcing day of 9 hours, but in cal- 


* If «• 







culation it will be safer to deduct 200 feet in cveiy in- 

21£ 

\ 

532 

0 479 



2 

62 

stance from the total length, and to estimate the loss at 


» )i •• 







2 0 on the balance only, as the first 200 feet of water- 

26( 

5 11 

432 

2*000 

90 


2 

25 8 

course near most wells is thoronghly consolidated 



496 

1 OOO 

7 7 


2 


The percentages of loss of area vary according to the crop. 


/ Jl •« 







and those shown in this Table only represent the loss on 

31! 

) „ .. 

416 

2 356 

10 12 


2 


the excess length of water-course 

11! 

j „ 

184 

2 343 

1 10 7 


1 



Ill 

7 » - 

, 503 

2 63: 

' 10 0 

2 373 

1 



16' 

7 Mixed, .. 

. 1,674 

1 570 

1 9 45 

1 495 

1 


1 

25! 

9 Darnat, .. 

. 58S 

1*305 

80 

1*468 

1 

H 


26 

5 „ 

. 432 

2 462 

80 

2 520 

8 

78 



Mean, .. 

. 478 

• • 

• • 

2 111 

1 

* • 

491 


42 

5 Sand;, . 

. 23S 

t 2 776 

10 5 

2 380 

2 

10 8 



z 2 
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E '—Shounnff Mean Depths of Waterings per Crop, and Distiiet, and average interval between each Watering 


GucHAKA (Wheat xso Gsah) 



Mecrat, . 
Unzaffamagarj 


Moradabsd, , 

Bampar, , 

Barcillj, , 

Pillibbit, , 

Shabjabanpnri 
Lackaovr, 


Bardni, 


Bumit. >*>20 2421 . .. 75 DamaU 

Matya,' .. 45 2003 55 >• 


























D -^Shounnff peri odt of Crop tjnnath, rmm tvaUnngt and intervah 

” safklower 
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« «r 
« h 
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* Ojtt ‘sSim9}cji^ 


'sXep '{su3}aj " 
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'eltp ‘piiisjxq *‘ 
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